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A Corporate Dedication to 
Quality and Reliability 


National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. - 

We are proud of our success .. . it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 


hehe. 


Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 





Wir fiihlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 


National Semiconductor Corporation ist fuhrend bei der Her- 
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes- 
sern. Vom Rohmaterial Gber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro- 
dukte von National Semiconductor sind uniibertroffen. 


Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fiir andere erstrebenswert sind. Auch ihre Anspriiche steig- 
en standig. Sie als unser Kunde kénnen sich auch weiterhin 
auf National Semiconductor verlassen. 


La Qualité et La Fiabilité: 


Une Vocation Commune Chez National 
Semiconductor Corporation 


National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits intégrés d’une trés grande 
qualité et d’une fiabilité exceptionelle. National a été le pre- 
mier a vouloir faire chuter le nombre de circuits intégrés 
défectueux et a augmenter la durée de vie des produits. 
Depuis les matiéres premiéres, en passant par la concep- 
tion du produit sa fabrication et son expédition, partout la 
qualité et la fiabilité chez National sont sans équivalents. 


Nous sommes fiers de notre succés et le standard ainsi 
défini devrait devenir l’objectif a atteindre par les autres so- 
ciétés. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; il en résulte que vous, qui étes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systémes 
d’une trés grande qualité standard. 


Un Impegno Societario di Qualita e 
Affidabilita | 


National Semiconductor Corporation 6 un’industria al ver- 
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National é stata il principale promotore per l’ab- 
battimento della difettosita dei circuiti integrati e per l’allun- 
gamento della vita dei prodotti. Dal materiale grezzo attra- 
verso tutte le fasi di progettazione, costruzione e spedi- 
zione, la qualita e affidabilita National non é seconda a nes- 
suno. 


Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. Il nostro desiderio di per- 
fezione é d’altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor- 
poration per !a produzione dei tuoi sistemi con elevati livelli 
di qualita. 


Charles E. Sporck 


President, Chief Executive Officer 
National Semiconductor Corporation 
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TRADEMARKS 


Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks. 


Abuseable™ 
Anadig™ 
ANS-R-TRANT™ 
APPST™ 
Auto-Chem Deflasher™ 
BI-FET™ 
BI-FET |IT™ 
BI-LINETM 
BIPLANT 
BLCT™ 

BLX™ 
Brite-LiteT™ 
BTLT™ 
CheckTrack™ 
CIM™ 
CIMBUST™ 
Clocks#Chek™ 
COMBO™ 
COMBO IT™ 
COMBO II™ 
COPS™ microcontrollers 
Datachecker® 
DENSPAKT™ 
DIBT™ 
Digitalker® 
DISCERN™ 
DISTILLT™ 
DNRT™ 
DPVM™ 
ELSTART™ 


E-Z-LINK™ 

5-Star Service™ 
GENIX™ 

GNXT™ 

HEX 3000T™ 
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ICM™ 
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Integral ISET™ 
Intelisplay™ 

\SET™ 

ISE/06™ 

ISE/08T™ 

ISE/167™ 

ISE32T™ 
KeyScan™ 
LMCMOS™ 
M2CMOS™ 
MacrobusT™ 
Macrocomponent™ 
Meat~Chek™ 
Microbus™ data bus 
MICRO-DACT™ 
ptalker™ 
Microtalker™ 
MICROWIRE™ 
MICROWIRE/PLUS™ 
MOLETM 

MSTT™ 


Naked-8™ 
National® 

NAX 800T™ 
Nitride Plus™ 
Nitride Plus OxideT™ 
NMLT 
NOBUSTM 
NSC800T™ 
NSX-167™ 
NS-XC-16™ 
NURAM™ 
OXISS™ . 
P2CMOS™ 
Perfect Watch™ 
Pharma~Chek™ 
PLANTM 
Polycraft™ 
POSitalker™ 
Power & Control™ 
QUAD3000T™ 
QUIKLOOK™ 
RATT™ 

RTX16™ 
SABRT™ 
Script~Chek™ 
SCXT™ 
SERIES/800T™ 
Series 3000™ 
Series 32000® 


Shelf~Chek™ 
SPIRE™ 
START 
Starlink™ 
STARPLEX™ 
STARPLEX II™ 
SuperChip™ 
SuperScript™ 
SYS32T 
TapePak™ 
TDS™ 
TeleGate™ 
The National Anthem® 
Time~Chek™ 
TINAT™ 

TLO™ 
Trapezoidal™ 
TRI-CODE™ 
TRI-POLYT™ 
TRI-SAFET™ 
TRI-STATE® 
TURBOTRANSCEIVER™ 
VIPTM 

VR32TM 
XMOS™ 
XPUT™ 


. ZSTAR™ 


883B/RETS™ 
883S/RETS™ 


Z80® is a registered trademark of Zilog Corporation 


LIFE SUPPORT POLICY 


NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR- 
PORATION. As used herein: 


. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and whose failure to per- 
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex- 
pected to result in a significant injury to the user. 


2. A critical component is any component of a life support 
device or system whose failure to perform can be reason- 
ably expected to cause the failure of the life support de- 
vice or system, or to affect its safety or effectiveness. 


National Semiconductor Corporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 


National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 





CMOS Products 
Introduction 


This comprehensive databook provides information on Na- 
tional Semiconductor's advanced CMOS logic families 
MM54HC/74HC high speed, CD4000 and MM54C/74HC. 
The MM54HC/74HC family utilizes microCMOS technology 
to achieve the input and power supply characteristics of 
CMOS with the high speed and large output drive of low 
power Schottky. The MM54HC/74HC family has the same 
pinout as equivalent 54LS/74LS; in addition, many popular 
CD4000 series logic functions are offered where no equiva- 
lent TTL function exists. 


The MM54HCT/74HCT is a subfamily of MM54HC/74HC of- 
fering TTL inputs. These MM54HCT/74HCT devices offer 
convenient TTL level translation to CMOS for those places in 
the system where only TTL levels are provided. 


The CD4000 series is National Semiconductor’s extensive 
line of CD40XXB and CD45XXB series devices. These parts 
meet the standard JEDEC “B-Series” specifications. 


The popular MM54C/74C series logic family metal-gate 
CMOS technology is pin-for-pin and function-for-function 
equivalent to the 54/74 family of TTL devices. Unique spe- 
cial function LSI devices in this family are compatible with 
MM54HC/74HC and CD4000 series. 


National provides the highest Quality and Reliability in CMOS 
Logic and LSI. This databook provides detailed descriptions 
of Military/Aerospace Programs, Quality Enhancement and 
extensive Reliability Reports. We are proud of our success, 
which sets a standard for others to achieve. Our company- 
wide programs to achieve perfection will continue so that 
customers can continue to rely on National Semiconductor’s 
integrated circuits and products. 
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Product Status Definitions 


National - 
Semiconductor © 


Product Status Definitions 


Definition of Terms © 


~ Product Status Definition 
| Formative or This data sheet contains the design specifications for product 
In Design development. Specifications may change in any manner without notice. 
First This data sheet contains preliminary data, and supplementary data will 
Production be published at a later date. National Semiconductor Corporation 


reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 


Full This data sheet contains final specifications. National Semiconductor 
Production Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Section3 MM54HC/MM74HC (Continued) 
MM54HC10/MM74HC10 Triple 3-Input NAND Gate 
MM54HC11/MM74HC11 Triple 3-Input AND Gate 
MM54HC14/MM74HC14 Hex Inverting Schmitt Trigger 
MM54HC20/MM74HC20 Dual 4-Input NAND Gate 
MM54HC27/MM74HC27 Triple 3-Input NOR Gate 
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MM54HC107/MMHC107 Dual J-K Flip-Flops with Clear 
MM54HC109A/MM74HC109A Dual J-K Flip-Flops with Preset and Clear 
MM54HC112/MM74HC112 Dual J-K Flip-Flops with Preset and Clear 
MM54HC113/MM74HC113 Dual J-K Flip-Flops with Preset 
MM54HC123A/MM74HC123A Dual Retriggerable Monostable Multivibrator 
MM54HC125/MM74HC125 TRI-STATE Quad Buffers 
MM54HC126/MM74HC126 TRI-STATE Quad Buffers 
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MM54HC154/MM74HC154 4-to-16 Line Decoder ; 
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MM54HC158/MM74HC158 Quad 2-Input Multiplexer (Inverted Output) 
MM54HC160/MM74HC160 Synchronous Decade Counter 
MM54HC161/MM74HC161 Synchronous Binary Counter 
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MM54HC163/MM74HC163 Synchronous Binary Counter 
MM54HC164/MM74HC164 8-Bit Serial-In/Parallel-Out Shift Register 
MM54HC165/MM74HC165 Parallel-In/Serial-Out 8-Bit Shift Register 
MM54HC166/MM74HC166 8-Bit Parallel-In/Serial-Out Shift Registers 
MM54HC173/MM74HC173 TRI-STATE Quad D Flip-Flop 
MM54HC174/MM74HC174 Hex D Flip-Flops with Clear 
MM54HC175/MM74HC175 Quad D-Type Flip-Flop with Clear 
MM54HC181/MM74HC181 Arithmetic Logic Units/Function Generators 
MM54HC182/MM74HC182 Look-Ahead Carry Generator 





viii 


Table of Contents (Continued) 


Section 3 MM54HC/MM74HC (Continued) 

MM54HC190/MM74HC190 Synchronous Decade Up/Down Counters with 

Mode Control 
MM54HC191/MM74HC191 Synchronous Binary Up/Down Counters with 

Mode Control 
MM54HC192/MM74HC192 Synchronous Decade Up/Down Counters 
MM54HC193/MM74HC193 Synchronous Binary Up/Down Counters 
MM54HC194/MM74HC194 4-Bit Bidirectional Universal Shift Register 
MM54HC195/MM74HC195 4-Bit Parallel Shift Register 
MM54HC221A/MM74HG221A Dual Non-Retriggerable Monostable Multivibrator 
MM54HC237/MM74HC237 3-to-8 Decoder with Address Latches 
MM54HC240/MM74HCG240 Inverting Octal TRI-STATE Buffer 
MM54HG241/MM74HC241 Octal TRI-STATE Buffer 
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MM54HC244/MM74HC244 Octal TRI-STATE Buffer 
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MM54HC258/MM74HC258 Quad 2-Channel TRI-STATE Multiplexer 
MM54HC259/MM74HC259 8-Bit Addressable Latch/3-to-8 Line Decoder 
MM54HC266A/MM74HC266A Quad 2-Input Exclusive NOR Gate (Open Drain) 
MM54HC273/MM74HG273 Octal D Flip-Flops with Clear 
MM54HC280/MM74HC280 9-Bit Odd/Even Parity Generator/Checker 
MM54HC283/MM74HC283 4-Bit Binary Adder with Fast Carry 
MM54HC298/MM74HC298 Quad 2-Input Multiplexers with Storage 
MM54HC299/MM74HC299 8-Bit TRI-STATE Universal Shift Register 
MM54HC354/MM74HC354 8-Channel TRI-STATE Multiplexers with Latches 
MM54HC356/MM74HC356 8-Channel TRI-STATE Multiplexers with Latches 
MM54HC365/MM74HC365 Hex TRI-STATE Buffer 
MM54HC366/MM74HC366 Inverting Hex TRI-STATE Buffer 
MM54HC367/MM74HC367 Hex TRI-STATE Buffer 
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MM54HC373/MM74HC373 TRI-STATE Octal D-Type Latch 
MM54HC374/MM74HC374 TRI-STATE Octal D-Type Flip-Flop 
MM54HC390/MM74HC390 Dual 4-Bit Decade Counter 
MM54HC393/MM74HC393 Dual 4-Bit Binary Counter 
MM54HC423A/MM74HC423A Dual Retriggerable Monostable Multivibrator 
MM54HC521/MM74HC521 8-Bit Magnitude Comparator (Equality Detector) 
MM54HC5§33/MM74HC533 TRI-STATE Octal D-Type Latch with Inverted Outputs . . 
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MM54HC540/MM74HC540 Inverting Octal TRI-STATE Buffer 
MM54HC541/MM74HC541 Octal TRI-STATE Buffer 
MM54HC563/MM74HC563 TRI-STATE Octal D-Type Latch with Inverted Outputs .... 
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MM54HC573/MM74HC573 TRI-STATE Octal D-Type Latch 
MM54HC574/MM74HC574 TRI-STATE Octal D-Type Edge-Triggered Flip-Flop 
MM54HC589/MM74HC589 8-Bit Shift Register with Input Latches and 

TRI-STATE Serial Output 
MM54HC595/MM74HC595 8-Bit Shift Registers with Output Latches 
MM54HC597/MM74HC597 8-Bit Shift Registers with Input Latches 
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Section 3 MM54HC/MM74HC (Continued) 
MM54HC620/MM74HC620 Inverting Octal TRI-STATE Transceiver 
MM54HC623/MM74HC623 True Octal TRI-STATE Transceiver 
MM54HC640/MM74HC640 Inverting Octal TRI-STATE Transceiver 
MM54HC643/MM74HC643 True-Inverting Octal TRI-STATE Transceiver 
MM54HC646/MM74HC646 Non-Inverting Octal Bus Transceiver/Registers 
MM54HC648/MM74HC648 Inverting Octal Bus Transceiver/Registers 
MM54HC688/MM74HC688 8-Bit Magnitude Comparator (Equality Detector) 
MM54HC4002/MM74HC4002 Dual 4-Input NOR Gate 
MM54HC4016/MM74HC4016 Quad Analog Switch 
MM54HC4017/MM74HC4017 Decade Counter/Divider with 10 Decoded olf stave 
MM54HC4020/MM74HC4020 14-Stage Binary Counter 
MM54HC4040/MM74HC4040 12-Stage Binary Counter ° 
MM54HC4046/MM74HC4046 CMOS Phase Lock Loop 
MM54HC4049/MM74HC4049 Hex Inverting Logic Level Down Converter 
MM54HC4050/MM74HC4050 Hex Logic Level Down Converter 
MM54HC4051 /MM74HC4051 8-Channel Analog Multiplexer 
MM54HC4052/MM74HC4082 Dual 4-Channel Analog Multiplexer 
MM54HC4053/MM74HC4053 Triple 2-Channel Analog Multiplexer 
MM54HC4060/MM74HC4060 14-Stage Binary Counter 
MM54HC4066/MM74HC4066 Quad Analog Switch 
MM54HC4075/MM74HC4075 Triple 3-input OR Gate 
MM54HC4078/MM74HC4078 8-Input NOR/OR Gate 
MM54HC4316/MM74HC4316 Quad Analog Switch with Level Translator 
MM54HC4511/MM74HC4511 BCD-to-7 Segment Latch/Decoder/Driver 
MM54HC4514/MM74HC4514 4-to-16 Line Decoder with Latch 
MM54HC4538/MM74HC4538 Dual Retriggerable Monostable Multivibrator 
MM54HC4543/MM74HC4543 BCD-to-7 Segment Latch/Decoder/Driver for 

Liquid Crystal Displays 

MM54HC7266/MM74HGC7266 Quad 2-Input Exclusive NOR Gate 
MM74HC942 300 Baud Modem (+ 5, —5 Volt Supply) 
MM74HC943 300 Baud Modem (5 Volt Supply) 


Section4 MM54HCT/MM74HCT 
MM54HCT00/MM74HCTOO Quad 2-Input NAND Gate 
MM54HCT03/MM74HCT03 Quad 2-Input NAND Gate (Open Drain) 
MM54HCT04/MM74HCT0O4 Hex Inverter 
MM54HCT05/MM74HCT05 Hex Inverter (Open Drain) 
MM54HCT08/MM74HCT08 Quad 2-Input AND Gate 
MM54HCT32/MM74HCT32 Quad 2-Input OR Gate 
MM54HCT34/MM74HCT34 Non-Inverting Gate 
MM54HCT74/MM74HCT74 Dual D Flip-Flops with Preset and Clear 
MM54HCT76/MM74HCT 76 Dual J-K Flip-Flops with Preset and Clear 
MM54HCT109/MM74HCT109 Dual J-K Flip-Flops with Preset and Clear 
MM54HCT112/MM74HCT1 12 Dual J-K Flip-Flops with Preset and Clear 
MM54HCT138/MM74HCT138 3-to-8 Line Decoder 
MM54HCT139/MM74HCT139 Dual 2-to-4 Line Decoder 
MM54HCT147/MM74HCT147 10-to-4 Line Priority Encoder 
MM54HCT 148/MM74HCT1 48 8-to-3 Line Priority Encoder 
MM54HCT149/MM74HCT149 8-Line to 8-Line Priority Encoder 
MM54HCT151/MM74HCT151 8-Channel Digital Multiplexer 
MM54HCT153/MM74HCT153 Dual 4-Input Multiplexer 
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Section 4 MM54HCT/MM74HCT (Continued) 
MM54HCT155/MM74HCT155 Dual 2-to-4 Line Decoder/Demultiplexers 
MM54HCT157/MM74HCT157 Quad 2-Input Multiplexer 
MM54HCT158/MM74HCT158 Quad 2-Input Multiplexer (Inverted Output) 
MM54HCT164/MM74HCT 164 8-Bit Serial-In/Parallel-Out Shift Register 
MM54HCT166/MM74HCT 166 8-Bit Parallel-In/Serial-Out Shift Register 
MMS54HCT190/MM74HCT190 Synchronous Decode Up/Down Counters with 
Mode Control 
MM54HCT191/MM74HCT191 Synchronous Binary Up/Down Counters with 
Mode Control 
MM54HCT192/MM74HCT192 Synchronous Decode Up/Down Counters 
MM54HCT193/MM74HCT193 Synchronous Binary Up/Down Counters 
MM54HCT240/MM74HCT240 Inverting Octal TRI-STATE Buffer 
MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 Octal TRI-STATE Buffer 
MMS54HCT245/MM74HCT245 Octal TRI-STATE Transceiver 
MM54HCT251/MM74HCT251 8-Channel TRI-STATE Multiplexer 
MM54HCT253/MM74HCT253 Dual 4-Channel TRI-STATE Multiplexer 
MM54HCT257/MM74HCT257 Quad 2-Channel TRI-STATE Multiplexer 
MM54HCT258/MM74HCT258 Quad 2-Channel TRI-STATE Multiplexer 
(Inverted Output) 
MM54HCT273/MM74HCT273 Octal D Flip-Flop with Clear 
MM54HCT373/MM74HCT373 TRI-STATE Octal D-Type Latch 
MM54HCT374/MM74HCT374 TRI-STATE Octal D-Type Flip-Flop 
MM54HCT521/MM74HCT521 8-Bit Magnitude Comparator (Equality Detector) 
MM54HCT533/MM74HCT533 TRI-STATE Octal D-Type Latch 
MM54HCT534/MM74HCT534 TRI-STATE Octal D-Type Flip-Flop 
MM54HCT540/MM74HCT540 Inverting Octal TRI-STATE Buffer 
MM54HCT541/MM74HCT541 Octal TRI-STATE Buffer 
MM54HCT640/MM74HCT640 Inverting Octal TRI-STATE Transceiver 
MM54HCT643/MM74HCT643 True-Inverting Octal TRI-STATE Transceiver 
MM54HCT688/MM74HCT688 8-Bit Magnitude Comparator (Equality Detector) 


Section5 CD4XXxX Series CMOS Logic 
CD4000M/CD4000C Dual 3-Input NOR Gate Plus Inverter 
CD4001M/CD4001C Quad 2-Input NOR Gate 
CD4011M/CD4011C Quad 2-Input NAND Gate 
CD4001BM/CD4001BC Quad 2-Input NOR Buffered B Series Gate 
CD4011BM/CD4011BC Quad 2-Input NAND Gate 
CD4002M/CD4002C Dual 4-Input NOR Gate 
CD4012M/CD4012C Dual 4-Input NAND Gate 
CD4002BM/CD4002BC Dual 4 'nput Buffered NOR Gate 
CD4012BM/CD4012BC Dual 4-Input Buffered NAND Gate 
CD4006BM/CD4006BC 18-Stage Static Shift Register 
CD4007M/CD4007C Dual Complementary Pair Plus Inverter 
CD4008BM/CD4008BC 4-Bit Full Adder 
CD4009M/CD4008C Hex Buffer (Inverting) 
CD4010M/CD4010C Hex Buffer (Non-Iinverting) 
CD4013BM/CD4013BC Dual D Flip-Flop 
CD4014BM/CD4014BC 8-Stage Static Shift Register 
CD4015BM/CD4015BC Dual 4-Bit Static Shift Register 
CD4016BM/CD4016BC Quad Bilateral Switch .. 
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Section5 CD4XXX Series CMOS Logic (Continued) 
CD4017BM/CD4017BC Decade Counter/Divider with 10 Decoded Outputs 
CD4022BM/CD4022BC Divide-by-8 Counter/Divider with 8 Decoded Outputs 
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CD4025M/CD4025C Triple 3-Input NAND Gate 
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CD4089BM/CD4089BC Binary Rate Multiplier 
CD4527BM/CD4527BC BCD Rate Multiplier 
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CD4099BM/CD4099BC 8-Bit Addressable Latches 
CD40106BM/CD40106BC Hex Schmitt Trigger 
CD40160BM/CD40160BC Decade Counter with Asynchronous Clear 
CD40161BM/CD40161BC Binary Counter with Asynchronous Clear 





xii 


Table of Co ntents (Continued) 


Section5 CD4XXX Series CMOS Logic (Continued) 
CD40162BM/CD40162BC Decade Counter with Synchronous Clear 
CD40163BM/CD40163BC Binary Counter with Synchronous Clear 
CD40174BM/CD40174BC Hex D Flip-Flop 
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CD4724BM/CD4724BC 8-Bit Addressable Latch 
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MM54C42/MM74C42 BCD-to-Decimal Decoder 
MM54C48/MM74C48 BCD-to-7-Segment Decoder 
MM54C73/MM74C73 Dual J-K Flip-Flops with Clear and Preset 
MM54C76/MM74C76 Dual J-K Flip-Flops with Clear and Preset 
MM54C107/MM74C107 Dual J-K Flip-Flops with Clear and Preset 
MM54C74/MM74C74 Dual D Flip-Flop 
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MM54C85/MM74C85 4-Bit Magnitude Comparator 
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MM54C163/MM74C163 Binary Counter with Synchronous Clear 
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MM54C165/MM74C165 Parallel-Load 8-Bit Shift Register 
MM54C173/MM74C173 TRI-STATE Quad D Flip-Flop 
MM54C174/MM74C174 Hex D Flip-Flop 
MM54C175/MM74C175 Quad D Flip-Flop 
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MM70C95/MM80C95 TRI-STATE Hex Buffers 
MM70C96/MM80C96 TRI-STATE Hex Inverters 
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AN-248 Electrostatic Discharge Prevention—Input Protection Circuits and Handling Guide 
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AN-303 HC-CMOS Power Dissipation 

AN-310 High-Speed CMOS (MM54HC/MM74HC) Processing . 
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AN-314 Interfacing to MM54HC/MM74HC High-Speed CMOS Logic 
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AN-393 Transmission-Line Effects Influence High-Speed CMOS 
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CD4001M/CD4001C Quad 2-Input NOR Gate 
CD4002BM/CD4002BC Dual 4-Input Buffered NOR Gate 
CD4002M/CD4002C Dual 4-Input NOR Gate 
CD4006BM/CD4006BC 18-Stage Static Shift Register 
CD4007M/CD4007C Dual Complementary Pair Plus Inverter 
CD4008BM/CD4008BC 4-Bit Full Adder 

CD4009M/CD4008C Hex Buffer (Inverting) 

CD4010M/CD4010C Hex Buffer (Non-Inverting) 
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CD4089BM/CD4089BC Binary Rate Multiplier 

CD4093BM/CD4093BC Quad 2-Input NAND Schmitt Trigger 
CD4094BM/CD4094BC 8-Bit Shift Register/Latch with TRI-STATE Outputs 
CD4099BM/CD4099BC 8-Bit Addressable Latches 
CD4503BM/CD4503BC Hex Non-Inverting TRI-STATE Buffer 
CD4510BM/CD4510BC BCD Up/Down Counter 
CD4511BM/CD4511BC BCD-to-7-Segment Latch Decoder/Driver 
CD4512BM/CD4512BC 8-Channel Buffered Data Selector 
CD4514BM/CD4514BC 4-Bit Latched 4-to-16 Line Decoders 
CD4515BM/CD4515BC 4-Bit Latched 4-to-16 Line Decoders 
CD4516BM/CD4516BC Binary Up/Down Counter 
CD4518BM/CD4518BC Dual Synchronous Up Counter 
CD4519BM/CD4519BC 4-Bit AND/OR Selector 
CD4520BM/CD4520BC Dual Synchronous Up Counter 
CD4522BM/CD4522BC Programmable Divide-by-N 4-Bit Binary Counter 
CD4526BM/CD4526BC Programmable Divide-by-N 4-Bit Binary Counter 
CD4527BM/CD4527BC BCD Rate Multiplier 

CD4528BM/CD4528BC Dual Monostable Multivibrator 
CD4529BM/CD4529BC Dual 4-Channel or Single 8-Channel pralg Data Selector 
CD4538BM/CD4538BC Dual Monostable Multivibrator 
CD4541BM/CD4541BC Programmable Timer with Oscillator 
CD4543BM/CD4543BC BCD-to-7-Segment Latch/Decoder/Driver for Liquid Crystal sisi 
CD4584BM/CD4584BC Hex Schmitt Trigger (See CD40106 data shee!) 
CD4723BM/CD4723BC Dual 4-Bit Addressable Latch 
CD4724BM/CD4724BC 8-Bit Addressable Latch 
CD40106BM/CD40106BC Hex Schmitt Trigger 
CD40160BM/CD40160BC Decade Counter with Asynchronous Clear 
CD40161BM/CD40161BC Binary Counter with Asynchronous Clear 
CD40162BM/CD40162BC Decade Counter with Synchronous Clear 
CD40163BM/CD40163BC Binary Counter with Synchronous Clear 
CD40174BM/CD40174BC Hex D Flip-Flop 

CD40175BM/CD40175BC Quad D Flip-Flop 

CD40192BM/CD40192BC Synchronous 4-Bit Up/Down Decade Counter 
CD40193BM/CD40193BC Synchronous 4-Bit Up/Down Binary Counter 
MB-18 MM54C/74C Voltage Translation/Buffering 
MM54C00/MM74C00 Quad 2-Input NAND Gate 

MM54C02/MM74C02 Quad 2-Input NOR Gate 

MM54C04/MM74C04 Hex Inverter 

MM54C08/MM74C08 Quad 2-Input AND Gate 

MM54C10/MM74C10 Triple 3-Input NAND Gate 

MM54C14/MM74C14 Hex Schmitt Trigger 

MM54C20/MM74CG20 Dual 4-Input NAND Gate 

MM54C30/MM74C30 8-Input NAND Gate 

MM54C32/MM74C32 Quad 2-Input OR Gate 

MM54C42/MM74C42 BCD-to-Decimal Decoder 

MM54C48/MM74C48 BCD-to-7-Segment Decoder 
MM54C73/MM74C73 Dual J-K Flip-Flops with Clear and Preset 
MM54C74/MM74C74 Dual D Flip-Flop 

MM54C76/MM74C76 Dual J-K Flip-Flops with Clear and Preset 
MM54C83/MM74C83 4-Bit Binary Full Adder 

MM54C85/MM74C85 4-Bit Magnitude Comparator 
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MM54HCT193/MM74HCT193 Synchronous Binary Up/Down Counters 
MM54HCT240/MM74HCT240 Inverting Octal TRI-STATE Buffer 
MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 Octal TRI-STATE Buffer 
MM54HCT245/MM74HCT245 Octal TRI-STATE Transceiver 
MM54HCT251/MM74HCT251 8-Channel TRI-STATE Multiplexer 
MM54HCT253/MM74HCT253 Dual 4-Channel TRI-STATE Multiplexer 
MM54HCT257/MM74HCT257 Quad 2-Channel TRI-STATE Multiplexer 
MM54HCT258/MM74HCT258 Quad 2-Channel TRI-STATE Multiplexer (Inverted Output) 
MM54HCT273/MM74HCT273 Octal D Flip-Flop with Clear 
MM54HCT373/MM74HCT373 TRI-STATE Octal D-Type Latch 
MM54HCT374/MM74HCT374 TRI-STATE Octal D-Type Flip-Flop 
MM54HCT521/MM74HCT521 8-Bit Magnitude Comparator (Equality Detector) 
MM54HCT533/MM74HCT533 TRI-STATE Octal D-Type Latch 
MM54HCT534/MM74HCT534 TRI-STATE Octal D-Type Flip-Flop 
MM54HCT540/MM74HCT540 Inverting Octal TRI-STATE Buffer 
MM54HCT541/MM74HCT541 Octal TRI-STATE Buffer 
MM54HCT640/MM74HCT640 Inverting Octal TRI-STATE Transceiver 
MM54HCT643/MM74HCT643 True-Inverting Octal TRI-STATE Transceiver 
MM54HCT688/MM74HCT688 8-Bit Magnitude Comparator (Equality Detector) 
MM54HCT/MM74HCT 

MM54HCU04/MM74HCU04 Hex Inverter 

MM70C95/MM80C95 TRI-STATE Hex Buffers 

MM70C95/MM80C96 TRI-STATE Hex Inverters 

MM70C97/MM80C97 TRI-STATE Hex Buffers 

MM70C98/MM80C98 TRI-STATE Hex Inverters 

MM72C19/MM82C190 TRI-STATE 16-Line to 1-Line Multiplexer 
MM74C908 Dual CMOS 30 Volt Relay Driver 

MM74C911 4-Digit LED Display Controller 

MM74C912 6-Digit BCD LED Display Controller/Driver 

MM74C917 6-Digit Hex LED Display Controller/Driver 

MM74C918 Dual CMOS 30 Volt Relay Driver 

MM74C925 4-Digit Counter with Multiplexed 7-Segment Output Driver 
MM74C926 4-Digit Counter with Multiplexed 7-Segment Output Driver 
MM74C927 4-Digit Counter with Multiplexed 7-Segment Output Driver 
MM74C928 4-Digit Counter with Multiplexed 7-Segment Output Driver 
MM74C945 4-Digit LCD Up Counter/Latch/Decoder/Driver 

MM74C946 414-Digit LCD Up-Down Counter/Latch/Driver for LCD Displays 
MM74C947 4-Digit LCD Up-Down Counter/Latch/Decoder/Driver 
MM74C956 4-Digit LED Alphanumeric Display Controller Driver (17-Segment) 
MM74HC942 300 Baud Modem (+5, —5 Volt Supply) 

MM74HC943 300 Baud Modem (5 Volt Supply) 

MM78C29/MM88C29 Quad Single-Ended Line Driver 
MM78C30/MM88C30 Dual Differential Line Driver 
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AC Parameter Definitions 


Operating frequency. This is the fastest speed that 
a circuit can be toggled. 

Propagation delay from input to output; output go- 
ing high to low. 

Propagation delay from input to output; output go- 
ing low to high. 

Enable propagation delay time. This is measured 
from the input to the output going to an active high 
level from TRI-STATE®. 

Enable propagation delay time. This is measured 
from the input to the output going to an active low 
level from TRI-STATE. 

Disable propagation delay time to the output going 
from an active high level to TRI-STATE. 

Disable propagation delay time to the output going 
from an active low level to TRI-STATE. 


Input signal pulse width. 


Input setup time. This is the time that data must be 
present prior to clocking input transitioning. 


Input hold time. This is the time that data must re- 
main after clocking input has transitioned. 


Clock removal time. This is the time that an active 
clear or enable signal must be removed before the 
clock input transitions. (Sometimes called recovery 
time.) 

Input signal rise time. 

Input signal fall time. 

Output rise time (transition time tow to high). 
Output fall time (transition time high to low). 
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CMOS AC Diagrams 


MM54HC/MM74HC AC Switching Test 
Circuits and Timing Waveforms 
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Test Circuit for Open Drain Outputs 
Vec 


Note 1: C; includes load and test jig capacitance. See data sheets for val- 
ues. : 
DEVICE Note 2: S1 = Voc for tpz,, and tp_z measurements. 
UNDER S1 = GND for tpzy, and tpy,z Measurements. 


TEST 
Note 3: For open drain devices S1 = Voc and measurements are same as 
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MM54HC/MM74HC AC Switching Test 
Circuits and Timing Waveforms (continued) 
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TRI-STATE Output Enable and Disable Waveforms 
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Note 4: Waveform for negative edge sensitive circuits will be inverted. 
Note 5: This waveform is applicable to both TRI-STATE and open drain switching time measurements. 
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CMOS AC Diagrams 


MM54HCT/MM74HCT AC Switching Test 
Circuits and Timing Waveforms — 
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Propagation Delay Waveforms 
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Test Circuit for TRI-STATE and Open Drain Output 
Tests (Notes 2 and 3) 


Vee S1 (NOTE 2) 
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Note 1: C, includes load and test jig capacitance. 

Note 2: S1 = Vcc for tpz,, and tp_z measurements. 
S1 = GND for tpzy, and tpy4z measurements. 

Note 3: For open drain circuits S1 = Voc and measurements are the same 
as tpz_ and tp,z. 
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MM54HCT/MM74HCT AC Switching Test 
Circuits and Timing Waveforms (Continued) 


Setup and Hold Time Waveforms 


CLOCK OR LATCH 
ENABLE INPUT 
(NOTE 4) 


10% 


oe oe ee ee me 3,0 


POSITIVE 
DATA 
INPUT 


NEGATIVE 
OATA 
INPUT 


TL/F/5376-11 


CLOCK 
INPUT 


(NOTE 4) 


ACTIVE LOW 
CLEAR OR 
ENABLE 


ACTIVE 
HIGH CLEAR OR 
ENABLE 


Removal Time Waveforms 
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TRI-STATE Output Enable and Disable Waveforms 


OUTPUT 
CONTROL 
(LOW ENABLING) 


OUTPUT 


OUTPUT 
(NOTE 5) 


Note 4: Waveform for negative edge sensitive circuits will be inverted. 


Note 5: This waveform is applicable to both TRI-STATE and open drain switching time measurments. 


CES GEN ED GAR Ga OR OE Voi 


TL/F/5376-13 





sweibelg DV SOND 


CMOS AC Diagrams 


-CD4000 AC Switching Test 
Circuits and Timing Waveforms 
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Test Circuit for Open Drain Outputs 
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Note 3: See individual data sheet for component values. 
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CD4000 AC Switching Test 
Circuits and Timing Waveforms (Continueg) 
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TRI-STATE Output Enable and Disable Waveforms 
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Note 4: Waveform for negative edge sensitive circuits will be inverted. 
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CMOS AC Diagrams 


MM54C/MM74C AC Switching Test 
Circuits and Timing Waveforms 
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Test Circult for TRI-STATE Output Tests 
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Note 1: C, includes load and test jig capacitance. 


Note 2: S1 = Voc for tpz,, and tp_z measurements. 
S1 = GND for tpz},, and tpyz measurements. 


Note 3: See individual data sheet for component values. 
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MM54C/MM74C AC Switching Test 
Circuits and Timing Waveforms (continued) 
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TRI-STATE Output Enable and Disable Waveforms 
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Note 4: Waveform for negative edge sensitive circuits will be inverted. 
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CMOS, the Ideal 
Logic Family 


INTRODUCTION 


Let’s talk about the characteristics of an ideal logic family. It 
should dissipate no power, have zero propagation delay, 
controlled rise and fall times, and have noise immunity equal 
to 50% of the logic swing. 


The properties of CMOS (complementary MOS) begin to 
approach these ideal characteristics. 

First, CMOS dissipates low power. Typically, the static pow- 
er dissipation is 10 nW per gate which is due to the flow of 
leakage currents. The active power depends on power sup- 
ply voltage, frequency, output load and input rise time, but 
typically, gate dissipation at 1 MHz with a 50 pF load is less 
than 10 mW. 


Second, the propagation delays through CMOS are short, 
though not quite zero. Depending on power supply voltage, 
the delay through a typical gate is on the order of 25 ns to 
50 ns. 


Third, rise and fall times are controlled, tending to be ramps 
rather than step functions. Typically, rise and fall times tend 
to be 20 to 40% longer than the propagation delays. 


Last, but not least, the noise immunity approaches 50%, 
being typically 45% of the full logic swing. 


Besides the fact that it approaches the characteristics of an 
ideal logic family and besides the obvious low power battery 
applications, why should designers choose CMOS for new 
systems? The answer is cost. 


On a component basis, CMOS is still more expensive than 
TTL. However, system level cost may be lower. The power 
supplies in a CMOS system will be cheaper since they can 
be made smaller and with less regulation. Because of lower 
currents, the power supply distribution system can be sim- 
pler and therefore, cheaper. Fans and other cooling equip- 
ment are not needed due to the lower dissipation. Because 
of longer rise and fall times, the transmission of digital sig- 
nals becomes simpler making transmission techniques less 
expensive. Finally, there is no technical reason why CMOS 
prices cannot approach present day TTL prices as sales 
volume and manufacturing experience increase. So, an en- 
gineer about to start a new design should compare the sys- 
tem level cost of using CMOS or some other logic family. He 
may find that, even at today’s prices, CMOS is the most 
economical choice. 

National is building two lines of CMOS. The first is a number 
of parts of the CD4000A series. The second is the 54C/74C 
series which National introduced and which will become the 
industry standard in the near future. 


National Semiconductor 
Application Note 77 
Stephen Calebotta 


The 54C/74C line consists of CMOS parts which are pin 
and functional equivalents of many of the most popular 
parts in the 7400 TTL series. This line is typically 50% faster 
than the 4000A series and sinks 50% more current. For 
ease of design, it is spec’d at TTL levels as well as CMOS 
levels, and there are two temperature ranges available: 
54C, —55°C to + 125°C or 74C, — 40°C to + 85°C. Table | 
compares the port parameters of the 54C/74C CMOS line 
to those of the 54L/74L low power TTL line. 


CHARACTERISTICS OF CMOS 


The aim of this section is to give the system designer not 
familiar with CMOS, a good feel for how it works and how it 
behaves in a system. Much has been written about MOS 
devices in general. Therefore, we will not discuss the design 
and fabrication of CMOS transistors and circuits. 


The basic CMOS circuit is the inverter shown in Figure 2-1. 
It consists of two MOS enhancement mode transistors, the 
upper a P-channel type, the lower an N-channel type. 


Voc 


S 


P-CHANNEL 
Vour 


N-CHANNEL 


GNO 
TL/F/6019~1 


FIGURE 2-1. Basic CMOS Inverter 


The power supplies for CMOS are called Vpp and Vsgs, or 
Vcc and Ground depending on the manufacturer. Vpp and 
Vsg are carryovers from conventional MOS circuits and 
stand for the drain and source supplies. These do not apply 
directly to CMOS since both supplies are really source sup- 
plies. Vcc and Ground are carryovers from TTL logic and 
that nomenclature has been retained with the introduction 
of the 54C/74C line of CMOS. Vcc and Ground is the no- 
menclature we shall use throughout this paper. 


The logic levels in a CMOS system are Vcc (logic “1”) and 
Ground (logic “‘0”). Since “on” MOS transistor has virtually 
no voltage drop across it if there is no current flowing 
through it, and since the input impedance to CMOS device 


TABLE I. Comparison of 54L/74L Low Power TTL and 54C/74C CMOS Port Parameters 


Vec Vir} ev | Vin) NH | Vou], 5 tpdo | tpa1| Poiss/Gate 
Max| Max |Minj 2.4V | Max : Typ | Typ Static 





54L/74L 0.7 |0.18 MA] 2.0|10 pA} 0.3 | 2.0mA | 2.4 
54C/74C 0.8 _ 3.5] — | 0.4 | *360 uA) 2.4 
54C/74C 2.0 _ 8.0) — | 1.0) **10 pA] 9.0 


*Assumes interfacing to low power TTL. 


**Assumes interfacing to CMOS. 


Ppiss/Gate 


100 pA | 31 | 35 
*100 nA| 60 | 45 | 0.00001 mw 
**10 pA] 25 | 30 | 0.00003 mw 





1 MHz, 50 pF Load 
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is so high (the input characteristic of an MOS transistor is 
essentially capacitive, looking like a 101220 resistor shunted 
by a 5 pF capacitor), the logic levels seen in a CMOS sys- 
tem will be essentially equal to the power supplies. 


Now let’s look at the characteristic curves of MOS transis- 
tors to get an idea of how rise and fall times, propagation 
delays and power dissipation will vary with power supply 
voltage and capacitive loading. Figure 2-2 shows the char- 
acteristic curves of N-channel and P-channel enhancement 
mode transistors. 


There are a number of important observations to be made 
from these curves. Refer to the curve of Veg = 15V (Gate 
to Source Voltage) for the N-channel transistor. Note that 
for a constant drive voltage Ves, the transistor behaves like 
a current source for Vps’s (Drain to Source Voltage) greater 
than Vas — Vr (Vz is the threshold voltage of an MOS 
transistor). For Vps’s below Vgsg — Vr, the transistor be- 
haves essentially like a resistor. Note also that for lower 
Vag’s, there are similar curves except that the magnitude of 
the Ips’s are significantly smaller and that in fact, Ips in- 
creases approximately as the square of increasing Vgs. The 
P-channel transistor.exhibits essentially identical, but com- 
plemented, characteristics. — 
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FIGURE 2-2. Logical “1” Output Voltage 
vs Source Current 





If we try to drive a capacitive load with these devices, we 
can see that the initial voltage change across the load will 
be ramp-like due to the current source characteristic fol- 
lowed by a rounding off due to the resistive characteristic 
dominating as Vps approaches zero. Referring this to our 
basic CMOS inverter in Figure 2-1, as Vps approaches zero, 
Vout will approach Vcc or Ground depending on whether 
the P-channel or N-channel transistor is conducting. 


Now if we increase Vcc and, therefore, Vgs the inverter 
must drive the capacitor through a larger voltage swing. 
However, for this same voltage increase, the drive capability 


‘(Ips) has increased roughly as the square of Ves and, 


therefore, the rise times and the propagation delays through 
the inverter as measured in Figure 2-3 have decreased. 


So, we can see that for a given design, and therefore fixed 
capacitive load, increasing the power supply voltage will in- 
crease the speed of the system. Increasing Vcc increases 
speed but it also increases power dissipation. This is true for 
two reasons. First, CV2f power increases. This is the power 
dissipated in a CMOS circuit, or any other circuit for that 
matter, when driving a capacitive load. 


b+ teaLe 


TLIF/6019~4 
FIGURE 2-3. Rise and Fall Times and Propagation 
Delays as Measured in a CMOS System 


For a given capacitive load and switching frequency, power 
dissipation increases as the square of the voltage change 
across the load. 


The second reason is that the VI power dissipated in the 
CMOS circuit increases with Vcc (for Voc’s > 2V7). Each 
time the circuit switches, a current momentarily flows from 
Vcc to Ground through both output transistors. Since the 
threshold voltages of the transistors do not change with in- 
creasing Vcc, the input voltage range through which the 
upper and lower transistors are conducting simultaneously 
increases as Vcc increases. At the same time, the higher 
Vcc provides higher Vas voltages which also increase the 
magnitude of the Jps currents. Incidently, if the rise time of 
the input signal was zero, there would be no current flow 
from Voc to Ground through the circuit. This current flows 
because the input signal has a finite rise time and, therefore, 
the input voltage spends a finite amount of time passing 
through the region where both transistors conduct simulta- 
neously. Obviously, input rise and fall times should be kept 
to a minimum to minimize V1 power dissipation. 

Let’s look at the transfer characteristics, Figure 2-4, as they 
vary with Vcc. For the purposes of this discussion we will 
assume that both transistors in our basic inverter have iden- 


. tical but complementary characteristics and threshold volt- 


ages. Assume the threshold voltages, Vr, to be 2V. If Voc is 





less than the threshold voltage of 2V, neither transistor can 
ever be turned on and the circuit cannot operate. If Voc is 
equal to the threshold voltage exactly then we are on the 
curve shown on Figure 2-4a. We appear to have 100% hys- 
teresis. However, it is not truly hysteresis since both output 
transistors are off and the output voltage is being held on 
the gate capacitances of succeeding circuits. If Voc is 
somewhere between one and two threshold voltages (Fig- 
ure 2-4b), then we have diminishing amounts of “hystere- 
sis” as we approach Vcc equal to 2V7 (Figure 2-4c). AtVcoc 
equal to two thresholds we have no “hysteresis” and no 
current flow through both the upper and lower transistors 
during switching. As Vcc exceeds two thresholds the trans- 
fer curves begin to round off (Figure 2-4d). As Vin passes 
through the region where both transistors are conducting, 
the currents flowing through the transistors cause voltage 
drops across them, giving the rounded characteristic. 


Considering the subject of noise in a CMOS system, we 
must discuss at least two specs: noise immunity and noise 
margin. 

National’s CMOS circuits have a typical noise immunity of 
0.45 Vcc. This means that a spurious input which is 0.45 
Vcc or less away from Vcc or Ground typically will not prop- 
agate through the system as an erroneous logic level. This 
does not mean that no signal at all will appear at the output 
of the first circuit. In fact, there will be an output signal as a 
result of the spurious input, but it will be reduced in ampli- 
tude. As this signal propagates through the system, it will be 
attenuated even more by each circuit it passes through until 
it finally disappears. Typically, it will not change any signal to 
the opposite logic level. In a typical flip flop, a 0.45 Voc 
spurious pulse on the clock line would not cause the flop to 
change state. 
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National also guarantees that its CMOS circuits have a 1V 
DC noise margin over the full power supply range and tem- 
perature range and with any combination of inputs. This is 
simply a variation of the noise immunity spec only now a 
specific set of input and output voltages have been selected 
and guaranteed. Stated verbally, the spec says that for the 
output of a circuit to be within 0.1 Voc volts of a proper logic 
level (Vcc or Ground), the input can be as much as 0.1 Voc 
plus 1V away from power supply rail. Shown graphically we 
have: 


ARANTEED OUTPUT “O” LEVEL 
uT (0) @ INPUTS = Vin (1) 


LOGIC LEVELS 
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FIGURE 2-5. Guaranteed CMOS DC margin over 
temperature as a function of Vcc. 
CMOS Guarantees 1V. 


This is similar in nature to the standard TTL noise margin 
spec which is 0.4V. 
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FIGURE 2-4. Transfer Characteristics vs Vcc 
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FIGURE 2-6. Guaranteed TTL DC margin over 
temperature as a function of Vcc. 
TTL Guarantees 1V. 


For a complete picture of VoyT vs Vin refer to the transfer 
characteristic curves in Figure 2-4. 


SYSTEM CONSIDERATIONS 


This section describes how to handle many of the situations 
that arise in normal system design such as unused inputs, 
paralleling circuits for extra drive, data bussing, power con- 
siderations and interfaces to other logic families. 


Unused inputs: Simply stated, unused inputs should not be 
left open. Because of the very high impedance (~ 10129), a 


floating input may drift back and forth between a ‘‘0” and 
“4” creating some very intriguing system problems. All un- 
used inputs should be tied to Vcc, Ground or another used 
input. The choice is not completely arbitrary, however, since 
there will be an effect on the output drive capability of the 
circuit in question. Take, for example, a four input NAND 
gate being used as a two input gate. The interna! structure is 
shown in Figure 3-1. Let inputs A and B be the unused 
inputs. 

If we are going to tie the unused inputs to a logic level, 
inputs A and B would have to be tied to Vcc to enable the 
other inputs to function. That would turn on the lower A and 
B transistors and turn off the upper A and B transistors, At 
most, only two of the upper transistors could ever be turned 
on. However, if inputs A and B were tied to input C, the input 
capacitance would triple, but each time C went low, the up- 
per A, B and C transistors would turn on, tripling the avail- 
able source current. If input D was low also, all four of the 
upper transistors would be on. 


So, tying unused NAND gate inputs to Voc (Ground for 
NOR gates) will enable them, but tying unused inputs to 
other used inputs guarantees an increase in source current 
in the case of NAND gates (sink current in the case of NOR 
gates). There is no increase in drive possible through the 
series transistors. By using this approach, a multiple input 
gate could be used to drive a heavy current load such as a 
lamp or a relay. 
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FIGURE 3-1. MM74C20 Four input NAND gate 





Parallel gates: Depending on the type of gate, tying inputs 
together guarantees an increase in either source or sink 
current but not both. To guarantee an increase in both cur- 
rents, a number of gates must be paralleled as in Figure 3-2. 
This insures that there are a number of parallel combina- 
tions of the series string of transistors (Figure 3-1), thereby 
increasing drive in that direction also. 


OR 


TL/F/6019-12 
FIGURE 3-2. Paralleling Gates or Inverters Increases 
Output Drive In Both Directions. 


Data bussing: There are essentially two ways to do this. 
First, connect ordinary CMOS parts to a bus using transfer 
gates (Part No. CD4016C). Second, and the preferred way, 
is to use parts specifically designed with a CMOS equivalent 
of a TRI-STATE® output. 


Power supply filtering: Since CMOS can operate over a 
large range of power supply voltages (3V to 15V), the filter- 
ing necessary is minimal. The minimum power supply volt- 
age required will be determined by the maximum frequency 
of operation of the fastest element in the system (usually 
only a very small portion of any system operates at maxi- 
mum frequency). The filtering should be designed to keep 
the power supply voltage somewhere between this mini- 
mum voltage and the maximum rated voltage the parts can 
tolerate. However, if power dissipation is to be kept to a 
minimum, the power supply voltage should be kept as low 
as possible while still meeting all speed requirements. 


Minimizing system power dissipation: To minimize power 
consumption in a given system, it should be run at the mini- 
mum speed to do the job with the lowest possible power 


Vin 
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Vi Power Is Given By: 


supply voltage. AC and DC transient power consumption 
both increase with frequency and power supply voltage. The 
AC power is described as CV2f power. This is the power 
dissipated in a driver driving a capacitive load. Obviously, 
AC power consumption increases directly with frequency 
and as the square of the power supply. It also increases 
with capacitive load, but this is usually defined by the sys- 
tem and is not alterable. The DC power is the VI power 
dissipated during switching. In any CMOS device during 
switching, there is a momentary current path from the power 
supply to ground, (when Vcc > 2V7) Figure 3-3. 


The maximum amplitude of the current is a rapidly increas- 
ing function of the input voltage which in turn is a direct 
function of the power supply voltage. See Figure 2-4d. 


The actual amount of VI power dissipated by the system is 
determined by three things: power supply voltage, frequen- 
cy and input signal rise time. A very important factor is the 
input rise time. If the rise time is long, power dissipation 
increases since the current path is established for the entire 
period that the input signal is passing through the region 
between the threshold voltages of the upper and lower tran- 
sistors. Theoretically, if the rise time were zero, no current 
path would be established and the VI power would be zero. 
However, with a finite rise time there is always some current 
flow and this current flow increases rapidly with power sup- 
ply voltage. 

Just a thought about rise time and power dissipation. If a 
circuit is used to drive many loads, its output rise time will 
suffer. This will result in an increase in V| power dissipation 
in every device being driven by that circuit (but not in the 
drive circuit itself). If power consumption is critical, it may be 
necessary to improve the rise time of that circuit by buffering 
or by dividing the loads in order to reduce overall power 
consumption. 
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Pvi = Voc X 3 !Max X Rise Time to Period Ratio 


Rise Time to _ Voc ~ 2Vr , trise + tFALL 


Period Ratio Voc 


1 
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FIGURE 3-3. DC Transient Power 
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So, to summarize the effects of power supply voltage, input 
voltage, input rise time and output load capacitance on sys- 
tem power dissipation, we can say the following: 


1. Power supply voltage: CV2f power dissipation increases 
as the square of power supply voltage. VI power dissipa- 
tion increases approximately as the square of the power 
supply voltage. 

2. Input voltage level: VI power dissipation increases if the 
input voltage lies somewhere between Ground plus a 
threshold voltage and Vcc minus a threshold voltage. 
The highest power dissipation occurs when Vin is at 4 
Vcc. CV2f dissipation is unaffected. 


3. Input rise time: VI power dissipation increases with long- 
er rise times since the DC current path through the device 
is established for a longer period. The CV2f power is un- 
affected by slow input rise times. 


4. Output load capacitance: The CV2f power dissipated in 
a circuit increases directly with load capacitance. V! pow- 
er in a circuit is unaffected by its output load capacitance. 
However, increasing output load capacitance will slow 
down the output rise time of a circuit which in turn will 
affect the VI power dissipation in the devices it is driving. 


INTERFACES TO OTHER LOGIC TYPES 


There are two main ideas behind all of the following inter- 
faces to CMOS. First, CMOS outputs should satisfy the cur- 
rent and voltage requirements of the other family’s inputs. 
Second, and probably most important, the other family’s 
outputs should swing as near as possible to the full voltage 
range of the CMOS power supplies. 


P-Channel MOS: There are a number of things to watch for 
when interfacing CMOS and P-MOS. The first is the power 
supply set. Most of the more popular P-MOS parts are spec- 
ified with 17V to 24V power supplies while the maximum 
power supply voltage for CMOS is 15V. Another problem is 
that unlike CMOS, the output swing of a push-pull P-MOS 
output is significantly less than the power supply voltage 
across it. P-MOS swings from very close to its more positive 
supply (Vss) to quite a few volts above its more negative 


< 15V 


supply (Vpp). So, even if P-MOS uses a 15V or lower power 
supply set, its output swing will not go low enough for a 
reliable interface to CMOS. There are a number of ways to 
solve this problem depending on the configuration of the 
system. We will discuss two solutions for systems that are 
built totally with MOS and one solution for systems that in- 
clude bipolar logic. 


First, MOS only. P-MOS and CMOS using the same power 
supply of less than 15V, Figure 3-4. 


In this configuration CMOS drives P-MOS directly. However, 
P-MOS cannot drive CMOS directly because of its output 
will not pull down close enough to the lower power supply 
rail. Rpp (R pull down) is added to each P-MOS output to 
pull it all the way down to the lower rail. Its value is selected 
such that it is small enough to give the desired RC time 
constant when pulling down but not so small that the 
P-MOS output cannot pull it virtually all the way up to the 
upper power supply rail when it needs to. This approach will 
work with push-pull as well as open drain P-MOS outputs. 


Another approach in a purely MOS system is to build a 
cheap zener supply to bias up the lower power supply rail of 
CMOS, Figure 3-5. 


In this configuration the P-MOS supply is selected to satisfy 
the P-MOS voltage requirement. The bias supply voltage is 
selected to reduce the total voltage across the CMOS (and 
therefore its logic swing) to match the minimum swing of the 
P-MOS outputs. The CMOS can still drive P-MOS directly 
and now the P-MOS can drive CMOS with no pull-down 
resistors. The other restrictions are that the total voltage 
across the CMOS is less than 15V and that the bias supply 
can handle the current requirements of all the CMOS. This 
approach is useful if the P-MOS supply must be greater than 
15V and the CMOS current requirement is low enough to be 
done easily with a small discrete component regulator. 

If the system has bipolar logic, it will usually have at least 
two power supplies. In this case, the CMOS is run off the 
bipolar supply and it interfaces directly to P-MOS, Figure 
3-6. 
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FIGURE 3-4. A One Power Supply System 
Built Entirely of CMOS and P-MOS 
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Use a Bias supply to reduce the voltage across the CMOS to match the logic swing 
of the P-MOS. Make sure the resulting voltage across the CMOS is less than 15V. 


FIGURE 3-5. A P-MOS and CMOS System Where the 
P-MOS Supply is Greater than 15V 
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Run the CMOS from the bipolar supply and interface directly to P-MOS. 
FIGURE 3-6. A System with CMOS, P-MOS and Bipolar Logic 


N-Channel MOS: Interfacing to N-MOS is somewhat sim- 
pler than interfacing to P-MOS although similar problems 
exist. First, N-MOS requires lower power supplies than P- 
MOS, being in the range of 5V to 12V. This is directly com- 
patible with CMOS. Second, N-MOS logic levels range from 
slightly above the lower supply rail to about 1V to 2V below 
the upper rail. 


At the higher power supply voltages, N-MOS and CMOS 
can be interfaced directly since the N-MOS high logic level 
will be only about 10 to 20 percent below the upper rail. 
However, at lower supply voltages the N-MOS output will be 
down 20 to 40 percent below the upper rail and something 
may have to be done to raise it. The simplest solution is to 
add pull up resistors on the N-MOS outputs as shown in 
Figure 3-7. 


NMOS 
$10 12V 
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Both operate off same supply with pull up resistors optional from N-MOS to 
CMOS. 


FIGURE 3-7. A System with CMOS and N-MOS Only 


TTL, LPTTL, DTL: Two questions arise when interfacing 
bipolar logic families to CMOS. First, is the bipolar family’s 
logic ‘‘1” output voltage high enough to drive CMOS direct- 
ly? 

TTL, LPTTL, and DTL can drive 74C series CMOS directly 
over the commercial temperature range without external 
pull up resistors. However, TTL and LPTTL cannot drive 
4000 series CMOS directly (DTL can) since 4000 series 
specs do not guarantee that a direct interface with no pull 
up resistors will operate properly. 


DTL and LPTTL manufactured by National (NS LPTTL pulls 
up one diode drop higher than the LPTTL of other vendors) 
will also drive 74C directly over the entire military tempera- 
ture range. LPTTL manufactured by other vendors and stan- 
dard TTL will drive 74C directly over most of the military 
temperature range. However, the TTL logic “1” drops to a 
somewhat marginal level toward the lower end of the mili- 
tary temperature range and a pull up resistor is recommend- 
ed. 


According to the curve of DC margin vs Vcc for CMOS in 
Figure 2-5, if the CMOS sees an input voltage greater than 
Voc — 1.5V (Vcc = 5V), the output is guaranteed to be 
less than 0.5V from Ground. The next CMOS element will 
amplify this 0.5V level to the proper logic levels of Voc or 
Ground. The standard TTL logic “1” spec is a Voyty min. of 
2.4V sourcing a current of 400 pA. This is an extremely 
conservative spec since a TTL output will only approach a 
one level of 2.4V under the extreme worst case conditions 
of lowest temperature, high input voltage (0.8V), highest 
possible leakage currents (into succeeding TTL devices), 
and Vcc at the lowest allowable (Vcc = 4.5V). 


Under nominal conditions (25°C, Vin, = 0.4V, nominal leak- 
age currents into CMOS and Vcc = 5V) a TTL logic “1” will 
be more like Vcc — 2Vp, or Voc — 1.2V. Varying only tem- 
perature, the output will change by two times —2 mV per °C, 
or —4 mV per °C. Voc —1.2V is more than enough to drive 
CMOS reliably without the use of a pull up resistor. 


If the system is such that the TTL logic “1” output can drop 
below Vcc — 1.5V, use a pull up resistor to improve the 


logic ‘‘1” voltage into the CMOS. 


een 5V 10% 
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Pull up resistor, Rpy, is needed only at the lower end of the Mil temperature 
range. 


FIGURE 3-8. TTL to CMOS Interface 


The second question is, can CMOS sink the bipolar input 
current and not exceed the maximum value of the bipolar 
logic zero input voltage? The logic ‘'1” input is no problem. 


The LPTTL input current is small enough to allow CMOS to 
drive two loads directly. Normal power TTL input currents 
are ten times higher than those in LPTTL and consequently 
the CMOS output voltage will be well above the input logic 
“0” maximum of 0.8V. However, by carefully examining the 
CMOS output specs we will find that a two input NOR gate 
can drive one TTL load, albeit somewhat marginally. For 
example, the logical “0” output voltage for both an 
MM74CO00 and MM74C02 over temperature is specified at 
0.4V sinking 360 A (about 420 pA at 25°C) with an input 
voltage of 4.0V and a Vcc of 4.75V. Both schematics are 
shown in Figure 3-9. 
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Both parts have the same current sinking spec but their 
structures are different. What this means is that either of the 
lower transistors in the MM74C02 can sink the same current 
as the two lower series transistors in the MM74C00. Both 
MM74C02 transistors together can sink twice the specified 
current for a given output voltage. If we allow the output 
voltage to go to 0.8V, then a MM74C02 can sink four times 
360 pA, or 1.44 mA which is nearly 1.6 mA. Actually, 1.6 mA 
is the maximum spec for the TTL input current and most 
TTL parts run at about 1 mA. Also, 360 pA is the minimum 
CMOS sink current spec, the parts will really sink some- 
where between 360 pA and 540 pA (between 2 and 3 
LPTTL input loads). The 360 pA sink current is specified 
with an input voltage of 4.0V. With an input voltage of 5.0V, 
the sink current will be about 560 A over temperature, 
making it even easier to drive TTL. At room temperature 
with an input voltage of 5V, a CMOS output can sink about 


Voc 


TL/F/6019-20 
FIGURE 3-9a. MM74C00 


800 pA. A 2 input NOR gate, therefore, will sink about 1.6 
mA with a Vout of about 0.4V if both NOR gate inputs are 
at 5V. 


The main point of this discussion is that a common 2 input 
CMOS NOR gate such as an MM74C02 can be used to 
drive a normal TTL load in lieu of a special buffer. However, 
the designer must be willing to sacrifice some noise immuni- 
ty over temperature to do so. 


TIMING CONSIDERATIONS IN CMOS MSis 


There is one more thing to be said in closing. All the flip- 
flops used in CMOS designs are genuinely edge sensitive. 
This means that the J-K flip-flops do not “‘ones catch” and 
that some of the timing restrictions that applied to the con- 
trol lines on MSI functions in TTL have been relaxed in the 
74C series. 
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FIGURE 3-9b. MM74C02 
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CMOS Linear Applications 


PNP and NPN bipolar transistors have been used for many 
years in “complementary” type of amplifier circuits. Now, 
with the arrival of CMOS technology, complementary 
P-channel/N-channel MOS transistors are available in 
monolithic form. The MM74C04 incorporates a P-channel 
MOS transistor and an N-channel MOS transistor connect- 
ed in complementary fashion to function as an inverter. 


Due to the symmetry of the P- and N-channel transistors, 
negative feedback around the complementary pair will 
cause the pair to self bias itself to approximately 1/2 of the 
supply voltage. Figure 7 shows an idealized voltage transfer 
characteristic curve of the CMOS inverter connected with 
negative feedback. Under these conditions the inverter is 
biased for operation about the midpoint in the linear seg- 
ment on the steep transition of the voltage transfer charac- 
teristics as shown in Figure 7. 


| \ 
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OUTPUT VOLTAGE — Voyy 
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INPUT VOLTAGE -V,,, 
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FIGURE 1. ldealized Voltage Transfer 
Characteristics of an MM74C04 Inverter 


Under AC Conditions, a positive going input will cause the 
output to swing negative and a negative going input will 
have an inverse effect. Figure 2 shows 1/6 of a MM74C04 
inverter package connected as an AC amplifier. 


The power supply current is constant during dynamic opera- 
tion since the inverter is biased for Class A operation. When 
the input signal swings near the supply, the output signal will 
become distorted because the P-N channel devices are 
driven into the non-linear regions of their transfer character- 
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TL/F/6020-2 
FIGURE 2. A 74CMOS Inverter Biased for 
Linear Mode Operation 


istics. If the input signal approaches the supply voltages, the 
P- or N-channel transistors become saturated and supply 
current is reduced to essentially zero and the device be- 
haves like the classical digital inverter. 
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TL/F/6020-3 
FIGURE 3. Voltage Transfer Characteristics for an 
Inverter Connected as a Linear Amplifier 


Figure 3 shows typical voltage characteristics of each in- 
verter at several values of the Voc. The shape of these 
transfer curves are relatively constant with temperature. 
Temperature affects for the self-biased inverter with supply 
voltage is shown in Figure 4. When the amplifier is operating 
at 3 volts, the supply current changes drastically as a func- 
tion of supply voltage because the MOS transistors are op- 
erating in the proximity of their gate-source threshold volt- 
ages. 
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NORMALIZED SUPPLY CURRENT I,, - mA 


50 
TEMPERATURE 
TL/F/6020-4 
FIGURE 4. Normalized Amplifier Supply Current 
Versus Ambient Temperature Characteristics 
Figure 5 shows typical curves of voltage gain as a function 
of operating frequency for various supply voltages. 
Output voltages can swing within millivolts of the supplies 
with either a single or a dual supply. 
Vec* 3.0V 


VOLTAGE GAIN — dB 


OPERATING FREQUENCY — Hz 
TL/F/6020-5 
FIGURE 5. Typical Voltage Gain Versus Frequency 
Characteristics for Amplifier Shown in Figure 2 


APPLICATIONS 


Cascading Amplifiers for Higher Gain 


By cascading the basic amplifier block shown in Figure 2a 
high gain amplifier can be achieved. The gain will be multi- 
plied by the number of stages used. If more than one invert- 
er is used inside the feedback loop (as in Figure 6) a higher 
open loop gain is achieved which results in more accurate 
closed loop gains. , 
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FIGURE 6. Three CMOS Inverters 
Used as an X10 AC Amplifier 


Post Amplifier for Op Amps 


‘A standard operational amplifier used with a CMOS inverter 


for a Post Amplifier has several advantages. The operation- 
al amplifier essentially sees no load condition since the in- 
put impedance to the inverter is very high. Secondly, the 
CMOS inverters will swing to within millivolts of either sup- 
ply. This gives the designer the advantage of operating the 
operational amplifier under no load conditions yet having 
the full supply swing capability on the output. Shown in Fig- 
ure 7 is the LM4250 micropower Op Amp used with a 74004 
inverter for increased output capability while maintaining the 
low power advantage of both devices. 


+1.5V H5V . 
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Pp = 500nW 
FIGURE 7. MM74C04 Inverter Used as a Post 
Amplifier for a Battery Operated Op Amp 


The MM74C04 can also be used with single supply amplifier 
such as the LM324. With the circuit shown in Figure 8, the 
open loop gain is approximately 160 dB. The LM324 has 4 
amplifiers in a package and the MM74C04 has 6 amplifiers 
per package. 

+12V 


6 V6 
MM78C04_ >O—| MM74C04 
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“ats TL/F/6020-8 
FIGURE 8. Single Supply Amplifier Using a CMOS 
Cascade Post Amplifier with the LM324 
CMOS inverters can be paralleled for increased power to 
drive higher current loads. Loads of 5.0 mA per inverter can 
be expected under AC conditions. 


Other 74C devices can be used to provide greater comple- 
mentary current outputs. The MM74C00 NAND Gate will 
provide approximately 10 mA from the Vcc supply while the 





MM74C02 will supply approximately 10 mA from the nega- 
tive supply. Shown in Figure 9 is an operational amplifier 
using a CMOS power post amplifier to provide greater than 
40 mA complementary currents. 
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TL/F/6020-9 
FIGURE 9. MM74C00 and MM74C02 Used as a Post 
Amplifier to Provide Increased Current Drive 


Other Applications 

Shown in Figure 10 is a variety of applications utilizing 
CMOS devices. Shown is a linear phase shift oscillator and 
an integrator which use the CMOS devices in the linear 
mode as well as a few circuit ideas for clocks and one 
shots. 


Conclusion 

Careful study of CMOS characteristics show that CMOS de- 
vices used in a system design can be used for linear build- 
ing blocks as well as digital blocks. 

Utilization of these new devices will decrease package 
count and reduce supply requirements. The circuit designer 
now can do both digital and linear designs with the same 
type of device. 
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Square Wave Oscillator 
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FIGURE 10. Variety of Circuit ldeas 
Using CMOS Devices 
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54C/74C Family 
Characteristics 


INTRODUCTION 


The purpose of this 54C/74C Family Characteristics appli- 
cation note is to set down, in one place, all those character- 
istics which are common to the devices in the MM54C/ 
MM74C logic family. The characteristics which can be con- 
sidered to apply are: 

1. Output voltage-current characteristics 

2. Noise characteristics 

3. Power consumption 

4, Propagation delay (speed) 

5. Temperature characteristics 


With a good understanding of the above characteristics the 
designer will have the necessary tools to optimize his sys- 
tem. An attempt will be made to present the information in 
as simple a manner as possible to facilitate its use. This 
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(A) Typical Output Sink 
Characteristic (N-Channel) 


National Semiconductor 
Application Note 90 
Thomas P. Redfern 


coupled with the fact that 54C/74C has the same function 
and pin-out as standard series 54L/74L will make the appli- 
cation of CMOS to digital systems very straightforward. 


OUTPUT CHARACTERISTICS 


Figure 1 and Figure 2 show typical output drain characteris- 
tics for the basic inverter used in the 54C/74C family. For 
more detailed information on the operation of the basic in- 
verter the reader is directed to Application Note AN-77, 
“CMOS, The Ideal Logic Family”. Although more complex 
gates, and MSI devices, may be composed of combinations 
of parallel and series transistors the considerations that 
govern the output characteristics of the basic inverter apply 
to these more complex structures as well. 
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(B) Typical Output Source 
Characteristic (P-Channel) 


FIGURE 1 
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(A) Typical Output Sink 
Characteristic (N-Channel) 
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The 54C/74C family is designed so that the output charac- 
teristics of all devices are matched as closely as possible. 
To ensure uniformity all devices are tested at four output 
conditions (see Figures 7 and 2). These points are: 


Vin = 5.0V 
Ips = 1.75 mA 
Vos 2 5.0V 


Vin = 10V 
Ips 2 8.0 mA 
Vps 2 10V 


Vin = OV 
lIps| = 1.75 mA 
\Vps| = 5.0V 


Vin = OV 
lIps| = 8.0 mA 
\Vps| = 10V 


Note that each device data sheet guarantees these points 
in the table of electrical characteristics. 


The output characteristics can be used to determine the 
output voltage for any load condition. Figures 7 and 2 show 
load lines for resistive loads to Vcc for sink currents and to 
GND for source currents. The intersections of this load line 
with the drain characteristic in question gives the output 
voltage. For example at Voc = 5.0V, Vout = 1.5V (typ) 
with a load of 500 to ground. 

These figures also show the guaranteed points for driving 
two 54L/74L standard loads. As can be seen there is typi- 
cally ample margin at Vcc = 5.0V. 


In the case where the 54C/74C device is driving another 
CMOS device the load line is coincident with the Ipg = 0 
axis and the output will then typically switch to either Voc or 
ground. 


NOISE CHARACTERISTICS 
Definition of Terms 


Noise [tmmunity: The noise immunity of a logic element is 
that voltage which applied to the input will cause the output 
to change its output state. 


Noise Margin: The noise margin of a logic element is the 
difference between the guaranteed logical ‘‘1” (‘0’) level 
output voltage and the guaranteed logical ‘1” (‘‘0”) level 
input voltage. 


The transfer characteristic of Figure 3 shows typical noise 
immunity and guaranteed noise margin for a 54C/74C de- 
vice operating at Vcc = 10V. The typical noise immunity 
does not change with voltage and is 45% of Vcc. 


(TYPICAL NOISE IMMUNITY) 
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FIGURE 3. Typical Transfer Characteristics 
All 54C/74C devices are guaranteed to have a noise margin 


of 1.0V or greater over all operating conditions (see Figure 
4). 
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LOGIC LEVELS 


TL/F/6021-6 
FIGURE 4. Guaranteed Nolse Margin 
over Temperature vs Vcc 


Noise immunity is an important device characteristic. How- 
ever, noise margin is of more use to the designer because it 
very simply defines the amount of noise a system can toler- 
ate under any circumstances and still maintain the integrity 
of logic levels. 


Any noise specification to be complete must define how 
measurements are to be made. Figure 5 indicates two ex- 
treme cases; driving all inputs simultaneously and driving 
one input at a time. Both conditions must be included be- 
cause each represents one worst case extreme. 


Voc 
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*Vout = VourT (1) MIN, VOUT (0) MAX 
Vn = Allowable Noise Voltage = 1.0V 


(B) 
FIGURE 5. Noise Margin Test Circuits 


To guarantee a noise margin of 1.0V, all 54C/74C devices 
are tested under both conditions. It is important to note that 
this guarantees that every node within a system can have 
1.0V of noise, in logic ‘‘1” or logic ‘0’ state, without mal- 
functioning. This could not be guaranteed without testing for 
both conditions in Figure 5. 
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POWER CONSUMPTION 


There are four sources of power consumption in CMOS de- 
vices: (1) leakage current; (2) transient power due to load 
capacitance; (3) transient power due to internal capacitance 
and; (4) transient power due to current spiking during 
switching. 

The first, leakage current, is the easiest to calculate and is 
simply the leakage current times Voc. The data sheet for 
each specific device specifies this leakage current. 


The second, transient power due to load capacitance, can 
be derived from the fact that the energy stored on a capaci- 
tor is 1/2 CV2. Therefore every time the load capacitance is 
charged or discharged this amount of energy must be pro- 
vided by the CMOS device. The energy per cycle is then 
21(1/2) CVcc2] = CVoc2. Energy per unit time, or power, is 
then CVcc? f, where C is the load capacitance and f is the 
frequency. 


The third, transient power due to internal capacitance takes 
exactly the same form as the load capacitance. Every de- 
vice has some internal nodal capacitance which must be 
charged and discharged. This then represents another pow- 
er term which must be considered. 


The fourth, transient power due to switching current, is 
caused by the fact that whenever a CMOS device goes 
through a transition, with Vcc = 2 Vr, there is a time when 
both N-channel and P-channel devices are both conducting. 
An expression for this current is derived in Application Note 
AN-77. The expression is: 


; 
Pui = 5 (Voc ~ 2 V1) lecmaxy (tise + traLu f 


where: 
Vr = threshold voltage 
Icc(MAX) = peak non-capacitive current 

during switching 
f = frequency 
Note that this expression, like the capacitive power term is 
directly proportional to frequency. If the Py, term is com- 
bined with the term arising from the internal capacitance, a 
capacitance Cpp may be defined which closely approxi- 
mates the no load power consumption for a CMOS device 
when used in the following expression: 
Power (no load) = Cpp Vcc? f 
The total power consumption is then simplified to: 
Total Power = (Cpp + Ci) Voc? f + ILEAK Voc (1) 
The procedure for obtaining Cpp is to measure the no load 
power at Vcc = 10V vs frequency and calculate the value 
of Cpp which corresponds to the measured power con- 
sumption. This value of Cpp is given on each 54C/74C data 


sheet and with equation (1) the computation of power con- 
sumption is straightforward. 
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To simplify the task even further Figure 6 gives a graph of 
normalized power vs frequency for different power supply 
voltages. To obtain actual power consumption find the nor- 
malized power for a particular Vcc and frequency, then mul- 
tiply by Cpp + C,. 





FREQUENCY (Hz) 


NORMALIZED POWER CONSUMPTION PER GATE, uW/pF 
(TO OBTAIN ACTUAL POWER MULTIPLY BY (Cep+ Cy 


TL/F/6021-9 
FIGURE 6. Normalized Typical Power 
Consumption vs Frequency 


As an example let’s find the total power consumption for an 
MM74CO00 operating at f = 100 kHz, Vcc = 10V and 
C_ = 50 pF. From the curve, normalized power per gate 
equals 10 »W/pF. From the data sheet Cpp = 12 pF; 
therefore, actual power per gate is: 
power 10 uW 0.62 mW 
—— = —— X (12 pF + 50 pF) = ———. 
gate pF oer pF gate 
no. of gates — power 
package gate 


4 X 0.62 mW + 0.01 pA X 10V = 2.48 mW 


Up to this point the discussion of power consumption has 
been limited to simple gate functions. Power consumption 
for an MSI function is more complex but the same technique 
just derived applies. To demonstrate the technique let’s 
compute the total power consumption of a MM74C161, 
four bit binary counter, at Vcc = 10V, f = 1 MHz and 
C_ = 50 pF on each output. 


The no load power is still given by P (no load) = Cpp 
Vcc? f. This demonstrates the usefulness of the concept of 
the internal capacitance, Cpp. Even though the circuit is 
very complex and has many nodes charging and discharg- 
ing at various rates, all of the effects can be easily lumped 
into one easy to use term, Cpp. 


total power = + ILEAKAGE X Vcc 





Calculation of transient power due to load capacitance is a 
little more complex since each output is switched at one half 
the rate of the previous output: Taking this into account the 
complete expression for power consumption is: 


f f 
PtotaL = Cpp Voc? f + CL Vcc? a Ci. Voc? 1 


Me Ree Raed 


no load output 2nd stage 
power power of 
ist stage 


f f 
+ CL Vcc? 5 + 2C, Veo? +5 + IL Voc 


et Nea Ra 


3rd stage 4th stage leakage 
& Carry term 
output 


This reduces to: 


Protat = (Cpp + C,) Vcc? f + IL Voc 
From the data sheet Cpp = 90 pF and IL = 0.05 pA. Using 
Figure 6 total power is then: 


100 pW ms 
F 


Prorat = (90 pF + 50 pF) x 


0.05 x 10-6 x 10V = 14 mW 


This demonstrates that with more complex devices the con- 
cept of Cpp greatly simplifies the calculation of total power 
consumption. It becomes an easy task to compute power 
for different voltages and frequencies by use of Figure 6 and 
the equations above. 


PROPAGATION DELAY 


Propagation delay for all 54C/74C devices is guaranteed 
with a load of 50 pF and input rise and fall times of 20 ns. A 
50 pF load was chosen, instead of 15 pF as in the 4000 
series, because it is representative of loads commonly seen 
in CMOS systems. A good rule of thumb, in designing with 
CMOS, is to assume 10 pF of interwiring capacitance. Oper- 
ating at the specified propagation delay would allow 5 pF 
fanout for the 4000 series while 54C/74C has a fanout of 
40 pF. A fanout of 5 pF (one gate input) is all but useless, 
and specified propagation delay would most probably not be 
realized in an actual system. 


Operating at loads other than 50 pF poses a problem since 
propagation is a function of load capacitance. To simplify 
the problem Figure 7 has been generated and gives the 
slope of the propagation delay vs load capacitance line 
(Atpg/pF) as a function of power supply voltage. Because 


PPT Ct tt n= 25°C 

PT TY TT TTT 

TTT L [tat = 20 ns 

PETA TTT Ty Ty TT 
oT ee eT 


tpg — PER pF OF LOAD CAPACITANCE (ns/pF) 


Vcc — POWER SUPPLY VOLTAGE (V) 
TL/F/6021-10 
FIGURE 7. Typical Propagation Delay per pF of Load 
Capacitance vs Power Supply 

the propagation delay for zero load capacitance is not zero 

and depends on the internal structure of each device, an 

offset term must be added that is unique to a particular de- 

vice type. Since each data sheet gives propagation delay for 

50 pF the actual delay for different loads can be computed 

with the aid of the following equation: 


At 
tod = (C ~ 50) pF x 2 + tog 
CL=C P C. = 50 pF 
where: 
C = Actual load capacitance 


propagation delay with 50 pF 
load, (specified on each de- 
vice data sheet) 


‘od | G, = 50pF 


Atpg 2 + 
OF = Value obtained from Figure 7. 


As an example let’s compute the propagation delay for an 
MM74CO00 driving 15 pF load and operating with a 
Voc = 5.0V. The equation gives: 


tod = (15 — 50) pF x 0.57 = + 50ns 
C, = 15pF P ) 


= — 20ns + 50ns = 30ns 


The same formula and curves may be applied to more com- 
plex devices. For example the propagation delay from data 
to output for an MM74C157 operating at Vcc = 10V and 
CL = 100 pF is: 


tod (100 — 50) 0.29ns + 70ns 
CL = 100 pF 


14.5 + 70 = 85ns 
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It is significant to note that this equation and Figure 7 apply 
to a// 54C/74C devices. This is true because of the close 
match in drive characteristics of every device including MSI 
functions, i.e., the slope of the propagation delay vs load 
capacitance line at a given voltage is typically equal for all 
devices. The only exception is high fan-out buffers which 
have a smaller Atpa/pF. 

Another point to consider in the design of a CMOS system is 
the effect of power supply voltage on propagation delay. 
Figure 8 shows propagation delay as a function of Vcc and 
propagation delay times power consumption vs Vcc for an 
MM74C00 operating with 50 pF load at f = 100 kHz. 
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FIGURE 8. Speed Power Product and 
Propagation Delay vs Vcc 
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: TL/F/6021-12 
(A) Typical Output Drain 
Characteristic (N-Channel) 


Above Vcc = 5.0V note the speed power pro- 
duct curve approaches a straight line. However the tog 
curve starts to “flatten out”. Going from Voc = 5.0V to 
Voc = 10V gives a 40% decrease in propagation delay and 
going from Voc = 10V to Veo = 15V only decreases prop- 
agation delay by 25%. Clearly for Voc > 10V a small in- 
crease in speed is gained by a disproportionate increase in 
power. Conversely, for small decreases in power below Voc 
= §.0V large increases in propagation delay result. 


Obviously it is optimum to use the lowest voltage consistent 
with system speed requirements. However, in general it can 
be seen from Figure 8 that the best speed power perform- 
ance will be obtained in the Voc = 5.0V to Voc = 10V 
range. 


TEMPERATURE CHARACTERISTICS 


Figures 9 and 10 give temperature variations in drain char- 
acteristics for the N-channel and P-channel devices operat- 
ing at Vcc = 5.0V and Vcc = 10V respectively. As can be 
seen from these curves the output sink and source current 
decreases as temperature increases. The effect is almost 
linear and can be closely approximated by a temperature 
coefficient of —0.3% per degree centigrade. 

Since the tpg can be entirely attributed to rise and fall time, 
the temperature dependence of tpp is a function of the rate 
at which the output load capacitance can be charged and 
discharged. This in turn is a function of the sink/source cur- 
rent which was shown above to vary as —0.3% per degree 
centigrade. Consequently we can say that tpg varies as 
—0.3% per degree centigrade. Actual measurements of tog 
with temperature verifies this number. 
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(B) Typical Output Drain 
Characteristic (P-Channel) 
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(A) Typical Output Drain 
Characteristic (N-Channel) 
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FIGURE 11. Typical Gate Transfer Characteristics 
The drain characteristics of Figures 9 and 10 show consid- 
erable variation with temperature. Examination of the trans- 
fer characteristics of Figure 717 indicates that they are al- 


most independent of temperature. The transfer characteris- 
tic is not dependent on temperature because although both 
the N-channel and P-channel device characteristics change 
with temperature these changes track each other closely. 
The proof of this tracking is the temperature independence 
of the transfer characteristics. Noise margin and maximum/ 
minimum logic levels will then not be dependent on temper- 
ature. 


As discussed previously power consumption is a function of 
Cpp, Ci, Voc, f and ILEAkace: All of these terms are essen- 
tially constant with temperature except I_EAkAGe- However, 
the leakage current specified on each 54C/74C device ap- 
plies across the entire temperature range and therefore rep- 
resents a worst case limit. 
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CMOS Oscillators 


INTRODUCTION 


This note describes several square wave oscillators that 

can be built using CMOS logic elements. These circuits offer 

the following advantages: 

m Guaranteed startability 

m@ Relatively good stability with respect to power supply 
variations 

m Operation over a wide supply voltage range (3V to 15V) 

@ Operation over a wide frequency range from less than 
1 Hz to about 15 MHz 

ms Low power consumption (see AN-90) 

mw Easy interface to other logic families and elements in- 
cluding TTL 


Several RC oscillators and two crystal controlled oscillators 
are described. The stability of the RC oscillator will be suffi- 
cient for the bulk of applications; however, some applica- 
tions will probably require the stability of a crystal. Some 
applications that require a lot of stability are: . 


. Timekeeping over a long interval. A good deal of stability 
is required to duplicate the performance of an ordinary 
wrist watch (about 12 ppm). This is, of course, obtainable 
with a crystal. However, if the time interval is short and/or 
the resolution of the timekeeping device is relatively 
large, an RC oscillator may be adequate. For example: if 
a stopwatch is built with a resolution of tenths of seconds 
and the longest interval of interest is two minutes, then an 
‘accuracy of 1 part in 1200 (2 minutes x 60 seconds/min- 
ute X 10 tenth/second) may be acceptable since any 
error is less than the resolution of the device. 


. When logic elements are operated near their specified 
limits. It may be necessary to maintain clock frequency 
accuracy within very tight limits in order to avoid exceed- 
ing the limits of the logic family being used, or in which 
the timing relationships of clock signals in dynamic MOS 
memory or shift register systems must be preserved. 


. Baud rate generators for communications equipment. 


. Any system that must interface with other tightly specified 
systems. Particularly those that use a ‘‘handshake” tech- 
nique in which Request or Acknowledge pulses must be 
of specific widths. 


LOGICAL OSCILLATORS 


Before describing any specific circuits, a few words about 
logical oscillators may clear up some recurring confusion. 


National Semiconductor 
Application Note 118 
Mike Watts 


Any odd number of inverting logic gates will oscillate if they 
are tied together in a ring as shown in Figure 7. Many begin- 
ning logic designers have discovered this (to their chagrin) 
by inadvertently providing such a path in their designs. How- 
ever, some people are confused by the circuit in Figure 7 
because they are accustomed to seeing sinewave oscilla- 
tors implemented with positive feedback, or amplifiers with 
non-inverting gain. Since the concept of phase shift be- 
comes a little strained when the inverters remain in their 
linear region for such a short period, it is far more straight- 
forward to analyze the circuit from the standpoint of ideal 
switches with finite propagation delays rather than as ampli- 
fiers with 180° phase shift. It then becomes obvious that a 
“1” chases itself around the ring and the network oscillates. 





ANY EVEN NUMBER OF | 
ADDITIONAL GATES 
TL/F/6022-1 
FIGURE 1. Odd Number of Inverters 
Will Always Oscillate 


The frequency of oscillation will be determined by the total 
propagation delay through the ring and is given by the fol- 
lowing equation. 

{ 


f=-— 


2nTp 


oo frequency of oscillation 
Tp = Propagation delay per gate 
n = number of gates - 


This is not a practical oscillator, of course, but it does illus- 
trate the maximum frequency at which such an oscillator will 
run. All that must be done to make this a useful oscillator is 
to slow it down to the desired frequency. Methods of doing 
this are described later. 


To determine the frequency of oscillation, it is necessary to 
examine the propagation delay of the inverters. CMOS prop- 
agation delay depends on supply voltage and load capaci- 
tance. Several curves for propagation delay for National’s 
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74C line of CMOS gates are reproduced in Figure 2. From 
these, the natural frequency of oscillation of an odd number 
of gates can be determined. 


An example may be instructive. 


Assume the supply voltage is 10V. Since only one input is 
driven by each inverter, the load capacitance on each in- 
verter is at most about 8 pF. Examine the curve in Figure 2c 
that is drawn for Vcc = 10V and extrapolate it down to 
8 pF. We see that the curve predicts a propagation delay of 
about 17 ns. We can then calculate the frequency of oscilla- 
tion for three inverters using the expression mentioned 
above. Thus: 


; 
~ 9x3xX 17x 10-9 


Lab work indicates this is low and that something closer to 
16 MHz can be expected. This reflects the conservative na- 
ture of the curves in Figure 2. 


Since this frequency is directly controlled by propagation 
delays, it will vary a great deal with temperature, supply volt- 
age, and any external loading, as indicated by the graphs in 
Figure 2. \n order to build a usefully stable oscillator it is 
necessary to add passive elements that determine oscilla- 
tion frequency and minimize the effect of CMOS character- 
istics. 


STABLE RC OSCILLATOR 


Figure 3 illustrates a useful oscillator made with three invert- 
ers. Actually, any inverting CMOS gate or combination of 
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gates could be used. This means left over portions of gate 
packages can be often used. The duty cycle will be close to 
50% and will oscillate at a frequency that is given by the 
following expression. 
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FIGURE 3. Three Gate Oscillator 
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FIGURE 2. Propagation Delay for 74C Gates 
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The following three special cases may be useful. 
_ 0.559 
~ RC. 
~ 0.455 


RC 


fR1 = R2=R 
IfR2 >>> R1 f 


lfR2<<< RI 

RC 
Figure 4 illustrates the approximate output waveform and 
the voltage V1 at the charging node. 


3/2Vec 


| | | | 


TL/F/6022-6 
FIGURE 4. Waveforms for Oscillator in Figure 3 


Note that the voltage Vo will be clamped by input diodes 
when Vj is greater than Voc or more negative than ground. 
During this portion of the cycle current will flow through R2. 
At all other times the only current through R2 is a very mini- 
mal leakage term. Note also that as soon as Vj passes 
through threshold (about 50% of supply) and the input to 
the last inverter begins to change, V; will also change in a 
direction that reinforces the switching action; i.e., providing 
positive feedback. This further enhances the stability and 
predictability of the network. 


This oscillator is fairly insensitive to power supply variations 
due largely to the threshold tracking close to 50% of the 
supply voltage. Just how stable it is will be determined by 
the frequency of oscillation; the lower the frequency the 
more stability and vice versa. This is because propagation 
delay and the effect of threshold shifts comprise a smaller 
portion of the overall period. Stability will also be enhanced 
if R1 is made large enough to swamp any variations in the 
CMOS output resistance. 


TWO GATE OSCILLATOR WILL NOT NECESSARILY 
OSCILLATE 


A popular oscillator is shown in Figure 5a. The only undesir- 
able feature of this oscillator is that it may not oscillate. This 
is readily demonstrated by letting the value of C go to zero. 
The network then degenerates into Figure 5b, which obvi- 
ously will not oscillate. This illustrates that there is some 
value of C1 that will not force the network to oscillate. The 
real difference between this two gate oscillator and the 
three gate oscillator is that the former must be forced to 
oscillate by the capacitor while the three gate network will 
always oscillate willingly and is simply slowed down by the 
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capacitor. The three gate network will always oscillate, re- 
gardless of the value of C1 but the two gate oscillator will 
not oscillate when C1 is small. 


MM74C04 MM74C04 


TL/F/6022-7 
(a) 


MM74C04 MM74C04 


TL/F/6022-8 
(b) 
FIGURE 5. Less Than Perfect Oscillator 


The only advantage the two gate oscillator has over the 
three gate oscillator is that it uses one less inverter. This 
may or may not be a real concern, depending on the gate 
count in each user’s specific application. However, the next 
section offers a real minimum parts count oscillator. 


A SINGLE SCHMITT TRIGGER MAKES AN OSCILLATOR 


Figure 6 illustrates an oscillator made from a single Schmitt 
trigger. Since the MM74C14 is a hex Schmitt trigger, this 
oscillator consumes only one sixth of a package. The re- 
maining 5 gates can be used either as ordinary inverters like 
the MM74C04 or their Schmitt trigger characteristics can be 
used to advantage in the normal manner. Assuming these 
five inverters can be used elsewhere in the system, Figure 6 
must represent the ultimate in low gate count oscillators. 


I 


FIGURE 6. Schmitt Trigger Oscillator 


TL/F/6022-9 


Voltage V; is depicted in Figure 7 and changes between the 
two thresholds of the Schmitt trigger. If these thresholds 
were constant percentages of Voc over the supply voltage 
range, the oscillator would be insensitive to variations in 
Vcc. However, this is not the case. The thresholds of the 
Schmitt trigger vary enough to make the oscillator exhibit a 
good deal of sensitivity to Voc. 


Applications that do not require extreme stability or that 
have access to well regulated supplies should not be both- 
ered by this sensitivity to Vcc. Variations in threshold can be 
expected to run as high as four or five percent when Vcc 
varies from 5V to 15V. 





TL/F/6022-10 
FIGURE 7. Waveforms for Schmitt 
Trigger Oscillator in Figure 6 


ACMOS CRYSTAL OSCILLATOR 


Figure 8 illustrates a crystal oscillator that uses only one 
CMOS inverter as the active element. Any odd number of 
inverters may be used, but the total propagation delay 
through the ring limits the highest frequency that can be 
obtained. Obviously, the fewer inverters that are used, the 
higher the maximum possible frequency. 


CONCLUSIONS 


A large number of oscillator applications can be implement- 
ed with the extremely simple, reliable, inexpensive and ver- 


satile CMOS oscillators described in this note. These oscil- 
lators consume very little power compared to most other 
approaches. Each of the oscillators requires less than one 
full package of CMOS inverters of the MM74C04 variety. 
Frequently such an oscillator can be built using leftover 
gates of the MM74C00, MM74C02, MM74C10 variety. Sta- 
bility superior to that easily attainable with TTL oscillators is 
readily attained, particularly at lower frequencies. These os- 
cillators are so versatile, easy to build, and inexpensive that 
they should find their way into many diverse designs. 


Vout 
FIGURE 8. Crystal Oscillator 


TL/F/6022=11 





2-23 


SLIL-NV 


AN-138 


Using the CMOS Dual 
Monostable Multivibrator 


INTRODUCTION 


The MM54C221/MM74C221 is a dual CMOS monostable 
multivibrator. Each one-shot has three inputs (A, B and 
CLR) and two outputs (Q and Q). The output pulse width is 
set by an external RC network. 


The A and B inputs trigger an output pulse on a negative or 
positive input transition respectively. The CLR input when 
low resets the one-shot. Once triggered the A and B inputs 
have no further control on the output. 


THEORY OF OPERATION 


Figure 7 shows that in its stable state, the one-shot clamps 
CexT to ground by turning N1 ON and holds the positive 
comparator input at Vcc by turning N2 OFF. The prefix N is 
used to denote N-channel transistors. 


The signal, G, gating N2 OFF also gates the comparator 
OFF thereby keeping the internal power dissipation to an 
absolute minimum. The only power dissipation when in the 
stable state is that generated by the current through Rexrt. 
The bulk of this dissipation is in Rey since the voltage drop 
across N1 is very small for normal ranges of Reyt. 


To trigger the one-shot the CLR input must be high. 


The gating, G, on the comparator is designed such that the 
comparator output is high when the one-shot is in its stable 


Vcc 
0 


O 
15,7 


National Semiconductor 
Application Note 138 
Thomas P. Redfern 


state. With the CLR input high the clear input to FF is dis- 
abled allowing the flip-flop to respond to the A or B input. A 
negative transition on A or a positive transition on B sets Q 
to a high state. This in turn gates N1 OFF, and N2 and the 
comparator ON. 


Gating N2 ON establishes a reference of 0.63 Voc on the 
comparator’s positive input. Since the voltage on Ceyz can 
not change instantaneously V1 = OV at this time. The com- 
parator then will maintain its one level on the output. Gating 
N1 OFF allows Cexzt to start charging through Reyz toward 
Voc exponentially. 


Assuming a perfect comparator (zero offset and infinite 
gain) when the voltage on CexT, V1, equals 0.63 Vcc the 
comparator output will go from a high state to a low state 
resetting Q to a low state. Figure 2 is a timing diagram sum- 
marizing this sequence of events. 


This diagram is idealized by assuming zero rise and fall 
times and zero propagation delay but it shows the basic 
operation of the one-shot. Also shown is the effect of taking 
the CLR input low. Whenever CLR goes low FF is reset 
independent of all other inputs. Figure 2 also shows that 
once triggered, the output is independent of any transitions 
on B (or A) until the cycle is complete. 
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FIGURE 1. Monostable Multivibrator Logic Diagram 
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FIGURE 2. One-Shot Timing Diagram 


The output pulse width is determined by the following equa- 
tion: 


V1 = Voc (1 — e7 /REXTCEXT) = 0.63Vog (1) 


Solving for t gives: 
T = Rext Cext In (1/0.37) = Rext Cext (2) 


A word of caution should be given in regards to the ground 
connection of the external capacitor (CeyT). It should al- 
ways be connected as shown in Figure 7 to pin 14 or 6 and 
never to pin 8. This is important because of the parasitic 
resistor R*. Because of the large discharge current through 
R*, if the capacitor is connected to pin 8, a four layer diode 
action can result causing the circuit to latch and possible 
damage itself. 


ACCURACY 

There are many factors which influence the accuracy of the 
one-shot. The most important are: 

a. Comparator input offset 

b. Comparator gain 

c. Comparator time delay 

d. Voltage divider R1, R2 

e. Delays in logic elements 

f. ON impedance of N1 and N2 

g. Leakage of N1 

h. Leakage of Cexty 

i. Magnitude of Rex7 and CextT 

The characteristics of Cex7 and Rext are, of course, not 
determined by the characteristics of the one-shot. In order 
to establish the accuracy of the one-shot, devices were test- 
ed using an external resistance of 10 kN and various capac- 
itors. A resistance of 10 kN was chosen because the leak- 
age and ON impedance of transistor N1 have a minimal 
effect on accuracy with this value of resistance. 


Two values of Cext were chosen, 1000 pF and 0.1 pF. 
These values give pulse widths of 10 ps and 1000 us with 
Rext = 10 kf. 


Figures 3 and 4 show the resulting distributions of pulse 
widths at 25°C for various power supply voltages. Because 
propagation delays, at the same power supply voltage, are 
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the same independent of pulse width, the shorter the pulse 
width the more the accuracy is affected by propagation de- 
lay. Figures 3 and 4 clearly show this effect. As pointed out 
in Application Note AN-90, 54C/74C Family Characteristics, 
propagation delay is a function of Voc. Figure 3, (Pulse 
Width = 10 ps) shows much greater variation with Voc 
than Figure 4 (Pulse Width = 1000 ps). This same informa- 
tion is shown in Figures 5 and 6 in a different format. In 
these figures the percent deviation from the average pulse 
width at 10V Vcc is shown vs Vcc. In addition to the aver- 
age value the 10% and 90% points are shown. These per- 
centage points refer to the statistical distribution of pulse 
width error. As an example, at Vcc = 10V for 10 ys pulse 
width, 90% of the devices have errors of less than + 1.7% 
and 10% have errors less than —2.1%. In other words, 
80% have errors between + 1.7% and —2.1%. 


0% point pulse width: 

At Voc = 5V, Tw = 10.6 ps 
At Voc = 10V, Ty = 10 ps 
At Voc = 15V, Tw = 9.8 ps 
Percentage of units within 4%: 
At Voc = 5V, 90% of units 
At Voc = 10V, 95% of units 
At Voc = 15V, 98% of units 


RELATIVE FREQUENCE OF OCCURENCE 


OUTPUT PULSE WIDTH (Tw, %) TL/F/6023-3 


FIGURE 3. Typical Pulse Width 
Distribution for 10 .s Pulse 


Ty = 25°C Pit TT ee eT 
i CCCP 
Rexr "10k -T7] sane 
CI] 


Cexe = O.1pF 


0% pulse width: 

At Voc = 5V, Tw = 1020 ps 
At Voc = 10V, Tw = 1000 ps 
At Vcc = 15V, Tw = 982 ps 
Percentage of units within 4%: 
At Voc = 5V, 95% of units 

At Voc = 10V, 97% of units 
At Voc = 15V, 98% of units 





RELATIVE FREQUENCE OF OCCURENCE 


OUTPUT PULSE WIDTH (Tw, %) 


FIGURE 4. Typical Pulse Width 
Distribution for 1000 1s Pulse 
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PULSE WIDTH ERROR (%) 


TL/F/6023-5 
Typical Percentage Deviation from 
10V Value vs Vcc (PW = 10 ps) 


FIGURE 5. 
Vec = 


Putse Width = 1000s 
Rexr = 10k82 
Cexr = O.1uF 
Ta = 25°C 
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PULSE WIDTH ERROR (%) 


TL/F/6023-6 
FIGURE 6. Typical Percentage Deviation from 
Veco = 10V Value vs Voc (PW = 1000 ps) 
The minimum error can be obtained by operating at the 


maximum Vcc. A price must be paid for this and this price is, 
of course, increased power dissipation. 


TYPICAL MINIMUM PULSE WIDTH (ns) 
(Rex = 10k, Cexr = 0 pF) 
(MY) JT9A9 ALNG %0S LY ONILYH3d0 S30IS 
HLOS HLIM NONLVdISSIC IOVNIVd WLOL WWIIMAL 


TL/F/6023-7 
FIGURE 7. Typical Minimum Pulse Width and Power 
Dissipationvs Voc 

Figure 7 shows typical power dissipation vs Vcc operating 
both sides of the one-shot at 50% duty cycle. Also shown in 
the same figure is typical minimum pulse width vs Vcc. The 
minimum pulse width is a strong function of internal propa- 
gation delays. /t is obvious from these two curves that in 
creasing Voc beyond 10V will not appreciably improve inac- 
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curacy due fo propagation delay but will greatly increase 
power dissipation. 


Accuracy is also a function of temperature. To determine 
the magnitude of its effects the one-shot was tested at tem- 
perature with the external resistance and capacitance main- 
tained at 25°C. The resulting variation is shown in Figures 8 
and 9. 


TYPICAL PW ERROR WITH RESPECT TO 
25°C VALUE AT Voc = 10V (%) 


T, — AMBIENT TEMPERATURE (°C) 
TL/F/6023-~8 
FIGURE 8. Typical Pulse Width Error 
vs Temperature (PW = 10 ys) 
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TYPICAL tywiour) ERROR WITH RESPECT 
TO 25°C VALUE AT Vcc = 10V (%) 





Ta — AMBIENT TEMPERATURE ('C) 

TL/F/6023-9 

FIGURE 9. Typical Pulse Width Error 
vs Temperature (PW = 1000 ps) 

Up to this point the external timing resistor, Rext, has been 
held fixed at 10 kf. In actual applications other values may 
be necessary to achieve the desired pulse width. The ques- 
tion then arises as to what effect this will have on accuracy. 


Vec 
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FIGURE 10 


As Rext becomes larger and larger the leakage current on 
transistor N1 becomes an ever increasing problem. The 
equivalent circuit for this leakage is shown in Figure 10. 





v(t) is given by: 
v(t) = (Voc — I Rext) (1 — e 7 8L/REXT CExT) 


As before, when v(t) = 0.63 Vcc, the output will reset. Solv- 
ing for t_ gives: 


Voc — IL Rext ) (3) 


tL=R Cc én ( 
L EXT SEXT G7 Ven = Ape 


Using T as defined in Equation 2 the pulse width error is: 


t a 
PW Error = E T u xX 100% 


Substituting Equations 2 and 3 gives: 


Voo—!. Rext ) 
R Cc én (,foor Rex -R Cc 1/0.37 
EXT Cext 0.37 Voo—h Rexr EXT Cext 2 n( ) 


Pe EOE = Rext Cext £1 (1/0.37) 

PW Error is plotted in Figure 17 for Vcc = 5, 10 and 15V. 
As expected, decreasing Vcc causes PW Error to increase 
with fixed IL. Note that the leakage current, although here 
assumed to flow through N1, is general and could also be 
interpreted as leakage through Cex7. See MM54C221/ 
MM74C221 data sheet for leakage limits. 
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iin 
eves 15v ttt 


Petar ct tt 


0.01 01 





tueakace X Rext (V) 
TL/F/6023-11 
FIGURE 11. Percentage Pulse 
Width Error Due to Leakage 


To demonstrate the usefulness of Figure 71 an example 
will be most helpful. Let us assume that N1 has a leakage of 
250 x 10—-9A, Cexr has leakage of 150 x 10—9A, output 
pulse width = 0.1 sec and Vcc = 5V. What Rext Cext 
should be used to guarantee an error due to leakage of less 
than 5%. 


From Figure 11 we see that to meet these conditions Rext 
I, < 0.14V. 


Then: 


Rexr < 0.14/(250 + 150) x 10-9 
< 350 kn 


Choosing standard component values of 250 kM and 
0.004 »F would satisfy the above conditions. 


We have just defined the limitation on the maximum size of 
Rext. There is a corresponding limit on the minimum size 
that Rex7 can assume. This is brought about because of the 
finite ON impedance of N1. As Rext is made smaller and 
smaller the amount of voltage across N1 becomes signifi- 
cant. The voltage across N1 is: 

Vui = Voc fon/(Rext + fon) (4) 
The output pulse width is defined by: 
(Voc — Vni) (1 — ~10/RExT CEXT) 
+ Vn = 0.63 Veco 


Solving for to gives: 


v(to) = 


Veo > Yu 
= Rext Cext 20 | 
to EXT CExT a( 0.37 Voc 


Pulse Width Error is then: 


to - T 


PW Error = xX 100% 


Substituting Equations 2 and 4 gives: 


Voc — V 
Rext Cext 7n (Yoo) — Rext Cext 71 (1/0.37) 
_ 0.37 Voc 


Rext Cext 4 (1/0.37) 


This function is plotted in Figure 12 for ron of 50, 250, 
and 16.72. These are the typical values of ron for a Voc of 
5V, 10V and 15V respectively. 


As an example, assume that the pulse width error due to 
fon must be less than 0.5% operating at Vcc = 5V. The 
typical value of ron for Voc = 5V is 502. Referring to the 
500 curve in Figure 12, Rext must be greater than 10 kQ. to 
maintain this accuracy. At Vcc = 10V, Rext must be great- 
er than 5 kQ. as can be seen from the 252. curve in Figure 
12. 


Although clearly shown in the MM54C221/MM74C221 data 
sheet, it is worthwhile, for the sake of clarity, to point out 
that the parasitic capacitance between pins 7(15) and 6(14) 
is typically 15 pF. This capacitor is in parallel with Cex; and 
must be taken into account when accuracy is critical. 


= 
o 
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PULSE WIDTH ERROR DUE TO ron (%) 


Rexr (Q) 
TL/F/6023-12 
FIGURE 12. Percentage Pulse Width Error 
Due to Finite roy of Transistor N1 vs Rext 
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TYPICAL APPLICATIONS te 
Basic One-Shot Oscillator 
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 TL/F/6023-13 


Retriggerable One-Shot 
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Voc = 3V to 15V 
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FREQUENCY TO DC CONVERTER LEVEL DETECTOR 
Vooe = Vec «81-01 <4 Vo = 0 FOR f > R4/[(R3 + RA) (RY C1) 
Vo = TFOR1<R4/((R3 + R4) (RI - C1) 
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Linear VCO 
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CMOS Schmitt Trigger—A 
Uniquely Versatile Design 
Component 


INTRODUCTION 


The Schmitt trigger has found many applications in numer- 
ous circuits, both analog and digital. The versatility of a TTL 
Schmitt is hampered by its narrow supply range, limited in- 
terface capability, low input impedance and unbalanced out- 
put characteristics. The Schmitt trigger could be built from 
discrete devices to satisfy a particular parameter, but this is 
a careful and sometimes time-consuming design. 


The CMOS Schmitt trigger, which comes six to a package, 
uses CMOS characteristics to optimize design and advance 
into areas where TTL could not go. These areas include: 
interfacing with op amps and transmission lines, which oper- 
ate from large split supplies, logic level conversion, linear 
operation, and special designs relying on a CMOS charac- 
teristic. The CMOS Schmitt trigger has the following advan- 
tages: 

a High impedance input (10122 typical) 

a Balanced input and output characteristics 


1 
¢ Thresholds are typically symmetrical to 3 Voc 


* Outputs source and sink equal currents 
© Outputs drive to supply rails 
m Positive and negative-going thresholds show low varia- 
tion with respect to temperature 
m Wide supply range (8V-15V), split supplies possible 
m Low power consumption, even during transitions 
m High noise immunity, 0.70 Vcc typical 
Applications demonstrating how each of these characteris- 
tics can become a design advantage will be given later in 
the application note. 


ANALYZING THE CMOS SCHMITT 


The input of the Schmitt trigger goes through a standard 
input protection and is tied to the gates of four stacked de- 
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FIGURE 1. CMOS Schmitt Trigger 
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vices. The upper two are P-channel and the lower two are 
N-channel. Transistors P3 and N3 are operating in the 
source follower mode and introduce hysteresis by feeding 
back the output voltage, out’, to two different points in the 
stack. 


When the input is at OV, transistors P1 and P2 are ON, and 
N1, N2 and P3 are OFF. Since out’ is high, N3 is ON and 
acting as a source follower, the drain of N1, which is the 
source of N2, is at Vcc — Vtn. If the input voltage is 
ramped up to one threshold above ground transistor N1 be- 
gins to turn ON, N1 and N3 both being ON form a voltage 
divider network biasing the source of N2 at roughly half the 
supply. When the input is a threshold above 1% Vcc, N2 
begins to turn ON and regenerative switching is about to 
take over. Any more voltage on the input causes out’ to 
drop. When out’ drops, the source of N3 follows its gate, 
which is out’, the influence of N3 in the voltage divider with 
N1 rapidly diminishes, bringing out’ down further yet. Mean- 
while P3 has started to turn ON, its gate being brought low 
by the rapidly dropping out’. P3 turning ON brings the 
source of P2 low and turns P2 OFF. With P2 OFF, out’ 
crashes down. The snapping action is due to greater than 
unity loop gain through the stack caused by positive feed- 
back through the source follower transistors. When the in- 
put is brought low again an identical process occurs in the 
upper portion of the stack and the snapping action takes 
place when the lower threshold its reached. 


Out’ is fed into the inverter formed by P4 and N4; another 
inverter built with very small devices, P5 and N5, forms a 
latch which stabilizes out’. The output is an inverting buffer 
capable of sinking 360 pA or two LPTTL loads. 


The typical transfer characteristics are shown in Figure 2; 
the guaranteed trip point range is shown in Figure 3. 
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TL/F/6024-1 
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WHAT HYSTERESIS CAN DO FOR YOU 


Hysteresis is the difference in response due to the direction 
of input change. A noisy signal that traverses the threshold 
of a comparator can cause multiple transitions at the output, 
if the response time of the comparator is less than the time 
between spurious effects. A Schmitt trigger has two thresh- 
olds: any spurious effects must be greater than the thresh- 
old difference to cause multiple transitions. With a CMOS 
Schmitt at Voc = 10V there is typically 3.6V of threshold 
difference, enough hysteresis to overcome almost any spu- 
rious signal on the input. 


A comparator is often used to recover information sent 
down an unbalanced transmission line. The threshold of the 
comparator is placed at one half the signal amplitude (See 
Figure 4b). This is done to prevent slicing level distortion. If 


OUTPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 


TL/F/6024-2 
FIGURE 2. Typical CMOS Transfer Characteristics for 
Three Different Supply Voltages 
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a 4 ps wide signal is sent down a transmission line a 4 ps 
wide signal should be received or signal distortion occurs. If 
the comparator has a threshold above half the signal ampli- 
tude, then positive pulses sent are shorter and negative 
pulses are lengthened (See Figure 4c ). This is called slicing 
level distortion. The Schmitt trigger does have a positive 
offset, V7+, but it also has a negative offset V7—. In CMOS 
these offsets are approximately symmetrical to half the sig- 
nal level so a 4 ys wide pulse sent is also recovered (see 
Figure 4d). The recovered pulse is delayed in time but the 
length is not changed, so noise immunity is achieved and 
signal distortion is not introduced because of threshold off- 
sets. 


MMS4C14 -55°C TO +125°C 

MM74C14 -40°C TO +85°C 

*MINIMUM HYSTERESIS 
SPREAD (= 0.2 Vcc} 


INPUT VOLTAGE (V) 


TL/F/6024-3 
FIGURE 3. Guaranteed Trip Point Range 


a) Received signal from transmission 
Sine with thresholds at different 
amplitudes. 


b) Recovered signal from comparator 
with threshold Vz, has multiple 
transitions. 


c) Recovered signal from comparator 
with positive offset on threshold, V7., 
Positive pulse shorten, negative pulse 
lengthen. 


d) Recovered signal with CMOS Schmitt 
trigger, Vy, and V+ . Restores true 
waveform. 

Recovered signal from Schmitt is same 
width as comparator with threshold at 
Vr, and is only delayed in time. 


7 8 9 10 
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FIGURE 4. CMOS Schmitt Trigger Ignores Noise 
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a) Capacitor impedance at lowest operating frequency should be much less than R || R = 14R. 


Voc 


TL/F/6024~6 


b) By using split supply (+ 1.5V to +7.5V) direct interface is achieved. 


FIGURE 5. Sine to Square Wave Converter with Symmetrical Level Detection 
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Where R1C1 = 1/fyax and R2C2 = response time of voltmeter 
Vout = fR2C1A where AV = Vcc 


FIGURE 6. Diode Dump Tach Accepts any Input Waveform 


APPLICATIONS OF THE CMOS SCHMITT 


Most of the following applications use a CMOS Schmitt 
characteristic to either simplify design or increase perform- 
ance. Some of the applications could not be done at all with 
another logic family. 


The circuit in Figure 5a is the familiar sine to square wave 
converter. Because of input symmetry the Schmitt trigger is 
easily biased to achieve a 50% duty cycle. The high input 
impedance simplifies the selection of the biasing resistors 
and coupling capacitor. Since CMOS has a wide supply 
range the Schmitt trigger could be powered from split sup- 
plies (see Figure 5b). This biases the mean threshold value 
around zero and makes direct coupling from an op amp 
output possible. 


In Figure 4, we see a frequency to voltage converter that 
accepts many waveforms with no change in output voltage. 
Although the energy in the waveforms are quite different, it 
is only the frequency that determines the output voltage. 
Since the output of the CMOS Schmitt pulls completely to 
the supply rails, a constant voltage swing across capacitor 
C1 causes a current to flow through the capacitor, depen- 
dent only on frequency. On positive output swings, the cur- 
rent is dumped to ground through D1. On negative output 
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swings, current is pulled from the inverting op amp node 
through D2 and transformed into an average voltage by R2 
and C2. 


Since the CMOS Schmitt pulls completely to the supply rails 
the voltage change across the capacitor is just the supply 
voltage. 


Schmitt triggers are often used to generate fast transitions 
when a slowly varying function exceeds a predetermined 
level. In Figure 7, we see a typical circuit, a light activated 
switch. The high impedance input of the CMOS Schmitt trig- 
ger makes biasing very easy. Most photo cells are several 
kQ. brightly illuminated and a couple MO. dark. Since CMOS 
has a 1012 typical input impedance, no effects are felt on 
the input when the output changes. The selection of the 
biasing resistor is just the solution of a voltage divider equa- 
tion. 


A CMOS application note wouldn’t be complete without a 
low power application. Figure 8 shows a simple RC oscilla- 
tor. With only six R’s and C’s and one Hex CMOS trigger, six 
low power oscillators can be built. The square wave output 
is approximately 50% duty cycle because of the balanced 
input and output characteristics of CMOS. The output fre- 
quency equation assumes that t; = tz 2 tpgo + tpdt- 
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TL/F/6024-8 
FIGURE 7. Light activated switch couldn’t be simpler. The input voltage rises as light intensity increases, when V7 + 
is reached, the output will go low and remain low until the intensity is reduced significantly. 
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FIGURE 8. Simplest RC Oscillator? Six R’s and C’s make the CMOS Schmitt into six low power oscillators. Balanced 
input and output characteristics give the output frequency a typically 50% Duty Cycle. 


1/3 MM74C14 Schmitt Trigger 
1/6 MM74C04 Inverter 

3/4 MM74C00 2-Input NAND 
1/3 MM74C10 3-Input NAND 
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TL/F/6024-12 
Error is detected when transmission line is unbalanced in either direction. © Transmitted data appears at F as long as transmission line is balanced, 
a) Differential Error Detector : unbalanced data is ignored and error is detected by above circuit. 


b) Differential Line Receiver 


Truth Table 


NC = No Change 
FIGURE 9. Increase noise immunity by using the CMOS Schmitt trigger to demodulate a balanced transmission line. 
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We earlier saw how the CMOS Schmitt increased noise im- 
munity on an unbalanced transmission line. Figure 9 shows 
an application for a balanced or differential transmission 
line. The circuit in Figure 7a is CMOS EXCLUSIVE OR, the 
MM74C86, which could also be built from inverters, and 
NAND gates. If unbalanced information is generated on the 
line by signal crosstalk or external noise sources, it is recog- 
nized as an error. 


The circuit in Figure 9b is a differential line receiver that 
recovers balanced transmitted data but ignores unbalanced 
signals by latching up. If both circuits of Figure 9 were used 
together, the error detector could signal the transmitter to 
stop transmission and the line receiver would remember the 
last valid information bit when unbalanced signals persisted 
on the line. When balanced signals are restored, the receiv- 
er can pick up where it left off. 


The standard voltage range for CMOS inputs is Vcc + 0.3V 
and ground — 0.3V. This is because the input protection 
network is diode clamped to the supply rails. Any input ex- 
ceeding the supply rails either sources or sinks a large 
amount of current through these diodes. Many times an in- 
put voltage range exceeding this is desirable; for example, 
transmission lines often operate from +12V and op amps 
from +15V. A solution to this problem is found in the 
MM74C914. This new device has an uncommon input pro- 
tection that allows the input signal to go to 25V above 
ground, and 25V below Vcc. This means that the Schmitt 
trigger in the sine to square wave converter, in Figure 5b, 
could be powered by +1.5V supplies and still be directly 
compatible with an op amp powered by +15V supplies. 


A standard input protection circuit and the new input protec- 
tion are shown in Figure 10. The diodes shown have a 35V 
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a) 


breakdown. The input voltage can go positive until reverse 
biased D2 breaks down through forward bias D3, which is 
35V above ground. The input voltage can go negative until 
reverse biased D1 breaks down through forward bias D2, 
which is 35V below Vcc. Adequate input protection against 
static charge is still maintained. 


CMOS can be linear over a wide voltage range if proper 
consideration is paid to the biasing of the inputs. Figure 77 
shows a simple VCO made with a CMOS inverter, acting as 
an integrator, and a CMOS Schmitt, acting as a comparator 
with hysteresis. The inverter integrates the positive differ- 
ence between its threshold and the input voltage Vij. The 
inverter output ramps up until the positive threshold of the 
Schmitt trigger is reached. At that time, the Schmitt trigger 
output goes low, turning on the transistor through Rg and 
speeding up capacitor Cs. Hysteresis keeps the output low 
until the integrating capacitor C is discharged through Rp. 
Resistor Rp should be kept much smaller than RC to keep 
reset time negligible. The output frequency is given by 
VtH — Vin 

(Vt+ — Vt-)Roc.- 
The frequency dependence with control voltage is given by 
the derivative with respect to Vin. So, 

dfo _ —1 

dVin  (Vt+ —VT-)RC, 
where the minus sign indicates that the output frequency 
increases as the input is brought further below the inverter 
threshold. The maximum output frequency occurs when Vin 
is at ground and the frequency will decrease as Vjy is raised 
up and will finally stop oscillating at the inverter threshold, 
approximately 0.55 Voc. 


fo = 
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FIGURE 10. Input protection diodes, in a) Normally limit the input voltage swing to 0.3V above Vcc and 0.3V below 
ground. In b) D2 or D1 is reverse biased allowing input swings of 25V above ground or 25V below Vcc. 
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FIGURE 11. Linear CMOS (Voltage Controller Oscillator) 
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The pulses from the VCO output are quite narrow because 
the reset time is much smaller than the integration time. 
Pulse stretching comes quite naturally to a Schmitt trigger. A 
one-shot or pulse stretcher made with an inverter and 
Schmitt trigger is shown in Figure 72. A positive pulse com- 
ing into the inverter causes its output to go low, discharging 
the capacitor through the diode D1. The capacitor is rapidly 
discharged, so the Schmitt input is brought low and the out- 
put goes positive. Check the size of the capacitor to make 
sure that inverter can fully discharge the capacitor in the 
input pulse time, or 


CAV AV 


| >—— + — 
SINK INVERTER > 7 + 7p 


where AV = Vcc for CMOS, and AT is the input pulse 
width. 


For very narrow pulses, under 100 ns, the capacitor can be 
omitted and a large resistor will charge up the CMOS gate 
capacitance just like a capacitor. 


When the inverter input returns to zero, the blocking diode 
prevents the inverter from charging the capacitor and the 
resistor must charge it from its supply. When the input volt- 
age of the Schmitt reaches V7+, the Schmitt output will go 
low sometime after the input pulse has gone low. 
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FIGURE 12. Pulse Stretcher. A CMOS inverter discharges a capacitor, a blocking diode allows charging through R 
only. Schmitt trigger output goes low after the RC delay. 
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THE SCHMITT SOLUTION 


The Schmitt trigger, built from discrete parts, is a careful and 
sometimes time-consuming design. When introduced in in- 
tegrated TTL, a few years ago, many circuit designers had 
renewed interest because it was a building block part. The 
input characteristics of TTL often make biasing of the trigger 
input difficult. The outputs don’t source as much as they 
sink, so multivibrators don’t have 50% duty cycle, and a 
limited supply range hampers interfacing with non-5V parts. 


The CMOS Schmitt has a very high input impedance with 
thresholds approximately symmetrical to one half the sup- 
ply. A high voltage input is available. The outputs sink and 
source equal currents and pull directly to the supply rails. 


A wide threshold range, wide supply range, high noise im- 
munity, low power consumption, and low board space make 
the CMOS Schmitt a uniquely versatile part. 

Use the Schmitt trigger for signal conditioning, restoration of 
levels, discriminating noisy signals, level detecting with hys- 
teresis, level conversion between logic families, and many 
other useful functions. ” 

The CMOS Schmitt is one step closer to making design 
limited only by the imagination of the designer. 


1/6 MM74C14 


To = tin + T 


TL/F/6024-16 


Voc , Yoo 
t R 





2-35 


OPL-NV 





AN-177 


Desiging with MM74C908, 
MM74C918 Dual High 
Voltage CMOS Drivers 


INTRODUCTION 


By combining the merits of both CMOS and bipolar technol- 
ogies on a single silicon chip, the MM74C908, MM74C918 
provides the following distinguished features as general pur- 
pose high voltage drivers. 
@ Wide supply voltage range (3V to 18V) 
@ High noise immunity (typ 0.45 Vcc) 
@ High input impedance (typ 10129) . 
m Extremely low standby power consumption (typ 750 nW 
at 15V) | 
@ Low output “ON” resistance (typ 829) 
@ High output drive capability (Igy7 = 250 mA at 
Vout = Vcc —8V, and Ty = 65°C) 
m High output “OFF” voltage 


Among these, the first 4 are typical and unique characteris- 
tics of CMOS technology which are fully utilized in this cir- 
cuit to achieve all the design advantages in a typical CMOS 
system. 


The high output currents and low “ON” resistance are 
achieved through the use of an NPN Darlington pair at the 
output stage. 


The MM74C908 is housed in an 8-lead epoxy dual-in-line 
package, which can dissipate at least 1.14W. The higher 
power version, MM74C918, comes in a 14-lead epoxy dual- 
in-line package, with power capability up to a minimum of 
2.27W. 

The circuitry for each of the 2 identical sections is shown in 
Figure 7. 


With both inputs sitting at logical ‘1” level, the output of the 
inverter is also at logical “1”, which prevents the P-channel 
transistor from being turned “ON”; therefore, the output is in 
its “OFF” state. Only a small amount of leakage current can 
flow. 


LIN: 
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On the other hand, when one or both of the inputs is at 
logical ‘0” level, the output of the inverter is also at logical 
“0”, which turns on the P-channel transistor and, hence, the 
Darlington pair. 


POWER CONSIDERATION 


To assure junction temperature of 150°C or less, the on-chip 
power consumption must be limited to within the power han- 
dling capability of the packages. In Figure 2, the maximum 
power dissipation on-chip is shown as a function of ambient 
temperature for both MM74C908 and MM74C918. These 
curves are generated from (1) at Ty = Tymax) = 150°C. 
Ty = Ta + Pp Gjn (1) 
where Ty = junction temperature 

Ta = ambient temperature 

Pp = power dissipation 

6ja = thermal resistance between junction 

and ambient 


MM74C918 
(0yq = 55°C) r{ 
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FIGURE 2. Maximum Power Dissipation vs Ambient Temperature 





2-36 


A general application circuit for the MM74C908, MM74C918 
is as shown in Figure 3. 


MM74C808 
MM74C918 


TL/F/6025-3 
FIGURE 3 


For both sections A and B; 

Voc — Vi 

ae iii (2) 
Ron + Ri 

The device ‘‘ON” resistance, Ron, is a function of junction 


temperature, Ty. The worst-case Ron as a function of Ty is 
given in (3). 


lout = 


Ron = 9[1 + 0.008 (Ty — 25)] (3) 
The total power dissipation in the device also consists of 
normal CMOS power terms (due to leakage current, internal 
capacitance, switching etc.) which are insignificant com- 
pared to the power dissipated at the output stages. Thus, 
the output power term defines the allowable limits of opera- 
tion and is given by: 
PD = Ppa + Pos (4) 


= l2outa X Ron + l2outs X Ron 
Given Ra and Rig, (1), (2), (3), (4) can be used to calculate 
Pp, Ty, etc. through iteration. 
For example, let V_ = OV, Voc = 10V, RLa = 
Rip = 509, Ta = 25°C, ja = 110°C/W. 
Assume: 


1000, 


Ron = 12.289 
By (2): 


= 0.089A 


10 
12.28 + 100 


loUTA = 


10 
1228 +50. O'61A 


louTs = 
By (4): 
Pp = (0.089)2 © 12.28 + (0.161)2 © 12.28 = 0.41W 
By (1): 
Ty = 70.5°C 
And by (3): 
Ron = 12.289 
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DESIGN TECHNIQUE 


In a typical design, RL must be chosen to satisy the load 
requirement (@.g., a minimum current to turn on a relay) and 
at the same time, the power consumed in the driver pack- 
age must be kept below its maximum power handling capa- 
bility. 

To minimize the design effort, a graphical technique is de- 
veloped, which combines all the parameters in one plot, 
which can be used efficiently to obtain an optima! design. 


Assume Ta = 25°C and that both sections of the 
MM74C908 in Figure 3 are operating under identical condi- 
tions. The maximum allowable package dissipation is: 


Pp = 2(Vcc — Vout) X lout (6) 


1 
= —— (150 — = 1, 
17 6! Ta) = 1.14W 

where Ty = 150°C, @jq = 110°C/W are used in (1) per the 
data sheet. 
Thus, the maximum power allowed in each section is: 

Pp = (Vcc — Vout) X lout = 0.57W 
A constant power curve Pp = 0.57W can then be plotted as 
shown in Figure 4. The circuit must operate below this 
curve. Any voltage-current combination beyond it (in the 
shaded region) will not guarantee Ty to be lower than 
150°C. 


For any given R,, a load line (7) can be superimposed on 
Figure 4. 


1 1 
lout == (Veo = vi) = (Voc = Vour) (7) 
Rt Rt 


The slope of this load line is ~1/R, and it intersects with 
the vertical and horizontal axes at 1/R, (Vcc — V,) and 
Voc — VL respectively. 

Given Vcc and V_, a minimum R__ can be obtained by draw- 
ing the load line tangent to the constant power curve. In 
Figure 4, at Vcc — VL = SV the line intersects Iour axis at 
lout = 450 mA. Thus, Ruwiny = 5V/450 mA = 11.12. 
Any R,, value below this will move the intersecting point up 
and cause a section of the load line to extend into the shad- 
ed region. Therefore, the junction temperature can exceed 
Ty(MAX) = 150°C in the worst case if the circuit operates on 
such a section of the load line. 

Whether this situation will occur or not is determined by 
both the value of Voc — V_ and the Ron range of the driv- 
ers. 
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FIGURE 4 


By (3), at Ty = 150°C, Ron(max) = 189, this is a straight 
line* passing through the origin with a slope of loyt/(Vcc — 
Vout) = 1/18 mho and intersects the load line at point A. 
Similarly, point B and C can be found for typical (~ 1029) 
and minimum (~ 52) Ron at Ty = 150°C. 


For Vcc — Vi = 5V, the tangent point falls between A and 
C. Hence, Ry = 11.1 calculated above must be satisfied; 
otherwise, part of the load line within the specified Ron 
range will extend into the shaded region and therefore, Ty = 
150°C may occur. 

For Vcc — Vi = 10V, however, a section of the load line 
can go beyond the Pp = 0.57W curve without affecting the 
safe operation of the circuit. By inspection of Figure 4, the 
reason is clear—the load line extends into the shaded re- 
gion only outside of the specified Ron range (to the right of 
point A’). Within the Roy range, the load line lies below the 
Pp = 0.57W curve, thus, a safe operation. 


To a first approximation**, the section of the load line be- 
tween A and C is the operating range for the circuit at 
Voc — VL = 5V and Ry = 11.19. Hence, the available 
current and voltage ranges for this circuit are 310 mA = 
lout 2 172 mA and 3.4V = VouT = 1.9V, respectively. 
Thus, by simply drawing no more than 3 straight lines, one 
obtains all of the following immediately: 

1. All the necessary design information (e.g., minimum Ry, 
minimum available Ioyt and Vout, etc.) 

2. Operating characteristics of the circuit as a whole, includ- 
ing the effect of different Ron values due to process vari- 
ations, thus, a better insight into the circuit operation. 

3. Most importantly, a guarantee that the circuit will be oper- 
ating in the safe region, (Ty < 150°C). 

For different ambient temperatures or for different power 

considerations, Figure 4 can be applied by properly scaling 

the Ioyt axis. (Note that lout «< Ty — Ta and lout = Pp). 
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*Strictly speaking Ron is a non-linear function of lout. A typical Roy char- 
acteristic at T) = 150°C is shown in Figure 5. The non-linear characteris- 
tic near the origin is due to the fact that the output NPN transistor is not 
saturated. As soon as Saturation is reached (Ioyt ~ 150 mA) the curve 
becomes a straight line which extrapolates back to the origin. For practi- 
cal design purposes, it is sufficient to consider Ron as a linear function of 
lout: 

**Note that as the operating point on the load line moves away from the 
Pp = 0.57W curve (away from the tangent point in this case), the actual 
junction temperature drops. Therefore, at point A, for example, the device 
is actually running cooler than Ty = 150°C, even in the worst case. 
Hence, Ron value drops below 18 and the actual operating point is 
slightly different from A. 

To further simplify the design, a family of such curves has 
been generated as shown in Figure 6. Each of these curves 
corresponds to a particular Ta and Pp (per driver) as indicat- 
ed, and similar to the Pp = 0.57W curve in Figure 4, is 
generated from (6) by using appropriate Ta values. The ap- 
plication of these curves is illustrated as follows: 


Example 14 


1.In Figure 3, assume that the two drivers in the 
MM74C908 package are to operate under identical condi- 
tions. Find minimum Ry at Ta = 25°C, 45°C, 65°C and 
85°C for both Voc — VL = 5V and Voc — Vi = 10V. 


Then plot Rimin) VS Ta. 


a) Vcc — VL = 5V 
By constructing the load lines tangent to the curves for 
Ta = 25°C, 45°C, 65°C and 85°C, Riminy for each 
case can be obtained through the vertical coordinate 
for the intersection points as shown in Figure 6. These 
are calculated in Table |. 


Note that the same results (within graphical error) can 
be obtained analytically by letting dRp/dRon = 0. It 
can be shown that 


(Vcc — V2 


4X (Max Power Per Driver) (8) 


Ri(MIN) = 


- b) Voc — Vu = 10V 


The Riminy given in (8) may not be a true minimum if 
the tangent point does not fall inside the specified Ron 
region. The actual Riimin) can be obtained as shown 
in Figure 7. The calculations and results are given in 
Table Il. 


Note that the Ri min) values in Table fl are lower than 
those given by (8). This corresponds to the section on 
each of the 4 load lines in Figure 7 which extends be- 
yond the power limit curve at each associated temper- 
ature. However, this section on each load line is out- 
side the specified Ron range. Within the Ron range, 
load lines are below the power limits; therefore, safe 
operation is guaranteed. 


The Rimin) VS Ta plot is as shown in Figure 8. 


All the curves generated so far are restricted to Pp < 
0.57W due to our simplifying assumption that both driv- 
ers are operating identically. In Figure 9 a few more 
curves are added to account for the general situation 
in which only the restriction Poa + Ppp < 1.14W is 
required, (i.e., Ppa can be different from Ppp). Applica- 
tion of Figure 9 is illustrated as follows: 


’ TABLE! 


Ta 
lout @ D1, 2, 3, 4 (mA) 
5 


R Ce — ee eee 
L(MIN) lout @ D1, 2, 3,4 


TABLE II 


Ta 
lout @ D1, 2, 3, 4 (mA) 
10 


—__—_—_ (9 
jour @ D1.2, 3,4 | ) 


RiMiN) = 
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FIGURE 7 
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Example 2 

In Figure 3, assume that driver A has to deliver 200 mA to its 
load while driver B needs only 100 mA. Design R,, and Rig 
for Voc — Vi = 5V. 

By inspection of Figure 4, units with high Ron values will not 
be able to deliver 200 mA. However, since section B does 
not need the same amount of drive, we can reduce the pow- 
er consumed in this section to compensate for the higher 
power (> 0.57W) required in section A. 

The design procedure follows: 


Section A 


1. Draw a load line intersecting Roy = 182 line at lout = 


200 mA. 

2. This load line intersects the Iogyrt axis at lout = 710 mA 
and is tangent to Poa = 0.9W curve, thus Ria = 5V/ 
710 mA = 7.19 will guarantee both Ppa < 0.9W and 
louta 2 200 mA. 


Section B 


1. Draw a load line intersecting Ron = 182 line at loyt = 
100 mA. 


-2. Similar to (2) above, it is seen immediately that Rig = 
5V/150 mA = 33.3 will guarantee loytg = 100 mA 
and Ppg < 0.18W. 

Since Ppa + Ppg < 0.9 + 0.18 < 1.14W 

Ria = 7.19 

Rip = 33.39 
satisfy all the requirements in this problem. 
The design in Example 2 illustrated the simple and 
straight-forward use of the curves and the result meets all 
the problem requirements. However, it should be noted 
that there is not much design margin left for tolerance in 
resistances and other circuit parameters. The reason is 
obvious—we are pushing at the power limit of the 
MM74C908 package—and the solutions are simple: 
a) Increase Voc supply 
b) Use the higher power package MM74C918. 
The design for higher Vcc is identical to that in Example 2 
and will not be repeated here. 
For the 14-lead higher power. (2.27W) MM74C918, 6j;4= 
55°C/W, this is exactly half that of the 8-lead MM74C908. 
Therefore, by scaling the Iout axis by a factor of 2, the 
same family of curves in Figure 9 can be applied directly. 
This is shown in Figure 70. (Note that the slope of the 
Ron = 1809 line has been adjusted to the new scale). 


Pp = 0.45W 
TAN - Pp = 0.36W 
Vy Pp = 0.27 
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N L Ta = 25°C 
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LTa=a0°e Ta = 70°C 
Ta = 58°C TT, = 80°C 
PL ET tg = 87°C 
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By drawing the same load lines, it is found that: 
Ria = 5V/710 mA = 7.10 
guarantees Ppa < 0.9W 
and 
Rip = 5V/150 mA = 33.32 
. guarantees Ppp < 1.08W 
which is way below the maximum power 2.27W available. 
Therefore, both R_ a and Rig can be lowered to account 
for tolerance in the resistors. Consider specifically the fol- 
lowing example: 
Example 3 


Assume driver A, B of the MM74C918 have to deliver 
250 mA and 150 mA, respectively, to its load. Design Ria 
and Rig at Voc — VL = 10V. 


Driver A 


1. In Figure 17, draw the load line intersecting Ron = 189 
at lout = 250 mA. 


2. This load line intersects the Ioy7 axis at 450 mA. Thus, 
by inspection RLa = 10V/450 mA = 22.220 guarantees 
Poa s 1.14W. 


Driver B 


1. Draw the load line intersecting Ron = 189 at lout = 
150 mA. 


2. This load line intersects the lout axis at 210 mA. Thus, 


by inspection Rug = 10V/210 mA = 47.62 guarantees 
Pop s 0.4W. 


Since Ppa + Ppp < 1.14 + 0.4 = 1.8W, while the pack- 
age is capable of delivering 2.27W, both Ria and Rig 
can be lower than the above values and the circuit still 
operates safely. By picking the closest standard resist- 
ance values: 


ZZL-NV 


Ria = 202 
Rip = 439 
For 5% tolerance in these values, 
199 < Ria < 219, 
40.852. < Rig < 45.150 
Thus: 


IOUTA(MIN) 2 = 256.4mA > 250 mA 


18 + 210 
10V 
180 + 45.150 
10V 
189 + 190 
10V 
180. + 40.850 

Ppa(max) + Ppg(mMax) = 1.31 + 0.52 < 2.27W 
Therefore: 


louTB(MIN) 2 158.3 mA > 150 mA 


2 
xX 180 = 1.31W 


PDA(MAX) S ( 


2 
PpB(MAX) S ( ) X 189 = 9.52W 


Ria = 20N(1.5W, 5%) 
Rip = 430 (1W, 5%) 
will guarantee satisfactory performance of the circuit. 
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APPLICATIONS 

Like most other drivers, the MM74C908, MM74C918 can be 
used to drive relays, lamps, speakers, etc. These are shown 
in Figure 12. (To suppress transient spikes at turn-off, a 
diode as shown as Figure 12a is recommended at the relay 
coil or any other inductive load.) 

However, the MM74C908, MM74C918 offers a unique 
CMOS feature that is not available in drivers from other logic 


families—extremely low standby power: At Voc = 15V, 
power dissipation per package is typically 750 nW when the 
outputs are not drawing current. Thus, the drivers can be 
sitting out on line (a telephone line, for example) drawing 
essentially zero current until activated—an ideal feature for 
many applications. 


The dual feature and the NAND function of the driver design 


can also be used to advantage as shown in the following 
applications. 


1/2 MM74C908, MM74C918 
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FIGURE 12a. Relay Driver 


1/2 1/2 MM74C908, MM74C918 
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FIGURE 12b. Lamp Driver 


1/2 MM74C908, MM74CS18 
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FIGURE 12c. Speaker Driver 





In Figure 13, the 2 drivers in the package are connected as 
a Schmitt trigger oscillator, where R1 and R2 are used to 
generate hysteresis. R3 and C are the inverting feedback 
timing elements and Ré4 is the pull-down load for the first 


Vec 7 5V 


driver. Because of its current capability, the circuit can be 
used to drive an array of LEDs or lamps. If resistor R4 is 
replaced by an LED (plus a current limiting resistor), the 
circuit becomes a double flasher with the 2 LEDs flashing 
out of phase. This is shown in Figure 14. 


TL/F/6025-15 


FIGURE 13. High Drive Oscillator/Flasher 
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FIGURE 14. Out of Phase Double Flasher 
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Another oscillator circuit using only 1/2 of the package and 
4 passive components is shown in Figure 15. Assume V; is 
slightly below the input trip point, the driver is “ON” and 
charging both Vo and V| until V; reaches the trip point, V7, 
when the driver starts to turn “OFF”. Vo can be made much 
higher than V, at this instance by adjusting the component 
values such that R¢Cs > (Ron || Ry) CL. Since Vo is higher 
than Vj, V| is still going up, although the driver is “OFF” and 
Vo is ramping down. The rising V| will eventually equal to 


Veco = 10V 


_ TL/F/6025-17 


the falling Vo, and then start discharging. Then, both V, and 
Vo discharge until V| hits the trip point, V7, again, when the 
driver is turned “ON”, charging up Vo and Seen. Mi 
to complete a cycle. 

This oscillator is ideal for low cost applications like the 
1-package siren shown in Figure 76, where 1 oscillator is 
used as a VCO while the other is generating the voltage 
ramp to vary the frequency at the VCO output. 


TL/F/6025-18 


FIGURE 15. Single Driver Oscillator 


Vcc = 10V 
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FIGURE 16. Low Cost Siren 





The NAND functions at the input can also be used to reduce package count in applications where both high output drive and 
input NAND features are required. One such example is given in Figure 77. 
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Electrostatic Discharge 
Prevention—Input 
Protection Circuits and 
Handling Guide for CMOS 
Devices 


INTRODUCTION 


During the past few years, there have been significant in- 
crease in the usage of low-power CMOS devices in system 
designs. This has resulted in more stringent attention to 
handling techniques of these devices, due to their static 
sensitivity, than ever before. ; 


All CMOS devices, which are composed of complementary 
pairs of n- and p-channel MOSFETs, are susceptible to 
damage by the discharge of electrostatic energy between 
any two pins. This sensitivity to static charge is due to the 
fact that gate input capacitance (5 pF typical) in parallel with 
an extremely high input resistance (10129 typical) lends it- 
self to a high input impedance and hence readily builds up 
the electrostatic charges, unless proper precautionary mea- 
sures are taken. This voltage build-up on the gate can easily 
break down the thin (1000A) gate oxide insulator beneath 
the gate metal. Local defects such as pinholes or lattice 
defects of gate oxide can substantially reduce the dielectric 
strength from a breakdown field of 8-10x106V/cm to 
3-4 106V/cm. This then becomes the limiting factor on 
how much voltage can be applied safely to the gates of 
CMOS devices. 


When a higher voltage, resulting from a static discharge, is 
applied to the device, permanent damage like a short to 
substrate, Vpp pin, Vsg pin, or output can occur. Now static 
electricity is always present in any manufacturing environ- 
ment. It is generated whenever two different materials are 
rubbed together. A person walking across a production floor 
can generate a charge of thousands of volts. A person 
working at a bench, sliding around on a stool or rubbing his 
arms on the work bench can develop a high static potential. 
Table | shows the results of work done by Speakman’ on 
various static potentials developed in a common environ- 
ment. The ambient relative humidity, of course, has a great 
effect on the amount of static charge developed, as mois- 
ture tends to provide a leakage path to ground and helps 
reduce the static charge accumulation. 


TABLE I. Various Voltages Generated in 15%-30% 
Relative Humidity (after Speakman’) 


Most Common 
Reading Reading 
(Volts) (Volts) 


Person walking across | 12000 | 39,000 
carpet 

Person walking across 4,000 13,000 
vinyl floor 


Personworking atbench | __500__ | _3,000 | 


16-lead DIPs in plastic 3,500 | 12000 | 
box 
16-lead DIPs in plastic 
shipping tube 
2 


Highest 
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STANDARD INPUT PROTECTION NETWORKS 


In order to protect the gate oxide against moderate levels of 
electrostatic discharge, protective networks are provided on 
all National CMOS devices, as described below. 


Figure 1 shows the standard protection circuit used on all A, 
B, and 74C series CMOS devices. The series resistance of 
2002 using a P+ diffusion helps limit the current when the 
input is subjected to a high-voltage zap. Associated with this 
resistance is a distributed diode network to Vpp which pro- 
tects against positive transients. An additional diode to Vsg 
helps to shunt negative surges by forward conduction. De- 
velopment work is currently being done at National on vari- 
ous other input protection schemes. 


INPUT CO 

Diode Breakdown 
D; = 25V 
Do = 60V 
D3 = 100V 
*These are intrinsic diodes 


e 
OUTPUT 





TL/F/6029-1 
FIGURE 1. Standard Input Protection Network 


OTHER PROTECTIVE NETWORKS 


Figure 2 shows the modified protective network for 
CD4049/4050 buffer. The input diode to Vpp is deleted 
here so that level shifting can be achieved where inputs are 
higher than Vpp. 


Yop 


2002 
P+ 


Diode Breakdown 
= 25V 
= 60V 
D3 = 100V OVss 
*These are intrinsic diodes 


FIGURE 2. Protective Network for 
CD4049/50 and MM74C901/2 
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Figure 3 shows a transmission gate with the intrinsic diode 
protection. No additional series resistors are used so the on 
resistance of the transmission gate is not affected. 

All CMOS circuits from National’s CD4000 Series and 74C 
Series meet MIL-STD-38510 zap test requirements of 400V 
from a 100 pF charging capacitor and 1.5 kf series resist- 
ance. This human body simulated mode! of 100 pF capaci- 
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2 GATE (P-CHANNEL) 


Diode Breakdown 
D, = 25V 
Dz = 60V 
*These are intrinsic diodes 
FIGURE 3. Transmission Gate with Intrinsic 
Diodes to Protect Against Static Discharge 


g GATE (N-CHANNEL) 
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tance in series with 1.5 kQ series resistance was proposed 
by Lenzlinger2 and has been widely accepted by the indus- 
try. The set-up used to perform the zap test is shown in 
Figure 4. 


Vzap is applied to DUT in the following modes by charging 
the 100 pF capacitor to Vzap with the switch Sj in position 1 
and then switching to position 2, thus discharging the 
charge through 1.5 kf. series resistance into the device un- 
der test. Table II shows the various modes used for testing. 


TABLE II. Modes of High-Voltage Test 


| Mode | + Terminal | — Terminal 
a ee ee 
ee ee ee 
8 | input | sso 


Associated Output 
Associated Output | input 





Pre- and post-zap performance is monitored on the input 
leakage parameter at Vpp = 18V. It has been found that all 
National’s CMOS devices of CD4000 and 74C families can 
withstand 400V zap testing with above mentioned condi- 
tions and still be under the pre- and post-zap input leakage 
conditions of +10 nA. 


HANDLING GUIDE FOR CMOS DEVICES 


From Table |, it is apparent that extremely high static volt- 
ages generated in a manufacturing environment can destroy 
even the optimally protected devices by reaching their 
threshold failure energy levels. For preventing such catas- 
trophies, simple precautions taken could save thousands of 
dollars for both the manufacturer and the user. 


In handling unmounted chips, care should be taken to avoid 
differences in voltage potential between pins. Conductive 
carriers such as conductive foams or conductive rails 
should be used in transporting devices. The following simple 
precautions should also be observed. 

. Soldering-iron tips, metal parts of fixtures and tools, and 
handling facilities should be grounded. 

. Devices should not be inserted into or removed from cir- 
cuits with the power on because transient voltages may 
cause permanent damage. 

. Table tops should be covered with grounded conductive 
tops. Also test areas should have conductive floor mats. 
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FIGURE 4. Equivalent RC Network to Simulate Human 
Body Static Discharge (after Lenzlinger2) 


Above all, there should be static awareness amongst all 
personnel involved who handle CMOS devices or the sub- 
assembly boards. Automated feed mechanisms for testing 
of devices, for example, must be insulated from the device 
under test at the point where devices are connected to the 
test set. This is necessary as the transport path of devices 
can generate very high levels of static electricity due to con- 
tinuous sliding of devices. Proper grounding of equipment or 
presence of ionized-air blowers can eliminate all these prob- 
lems. 


At National all CMOS devices are handled using ail the pre- 
cautions described above. The devices are also transported 
in anti-static rails or conductive foams. Anti-static, by 
definition3 means a container which resists generation of 
triboelectric charge (frictionally generated) as the device is 
inserted into, removed from, or allowed to slide around in it. 
It must be emphasized here that packaging problems will 
not be solved merely by using anti-static rails or containers 
as they do not necessarily shield devices from external stat- 
ic fields, such as those generated by a charged person. 
Commercially available static shielding bags, such as 3M 
company’s low resistivity (< 1040/sq.) metallic coated poly- 
ester bags, will help prevent damages due to external stray 
fields. These bags work on the well-known Faraday cage 
principle. Other commercially available materials are Legge 
company’s conductive wrist straps, conductive floor coat- 
ing, and various other grounding straps which help prevent 
against the electrostatic damage by providing conductive 
paths for the generated charge and equipotentia! surfaces. 


It can be concluded that electrostatic discharge prevention 
is achievable with simple awareness and careful handling of 
CMOS devices. This will mean wide and useful applications 
of CMOS in system designs. 


FOOTNOTES 


1. T.S. Speakman, ‘‘A Model for the Failure of Bipolar Sili- 
con Integrated Circuits Subjected to ESD,” 12th Annual 
Proc. of Reliability Physics, 1974. 


2. M. Lenzlinger, “Gate Protection of MIS Devices,” IEEE 
Transac. on Electron Devices, ED-18, No. 4, April 1971. 


3. JU.R. Huntsman, D.M. Yenni, G. Mueller, “Fundamental 
Requirements for Static Protective Containers.” Present- 
ed at 1980 Nepcon/West Conference, Application 
Note—3M Static Control Systems. 
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Simplified Multi-Digit LED 


Display Design Using 
MM74C911/MM74C912/ 
MM74C917 Display 
Controllers 


1, INTRODUCTION 


The MM74C911, MM74C912 and MM74C917 are CMOS 
display controllers that control multiplexing of 8-segment 
LED displays. These devices each have an on-chip multi- 
plex oscillator and associated logic to easily implement mul- 
ti-digit displays with minimal additional hardware. These 
controllers were designed to be easily interfaced to a micro- 
processor as a small 4- or 6-byte area of write-only memory 
(WOM), but they are not limited to this environment. 


The MM74C911 is the simplest of these devices. It has one 
data input for each of its eight segment outputs, allowing 
direct contro! of any LED segment. Both the MM74C912 
and MM74C917 have five data inputs which accept either 
BCD (MM74C912) or hexadecimal (MM74C917) data, plus 
decimal point. The MM74C911 can interface up to four 8- 
segment displays and the MM74C912/MM74C917 can con- 
trol up to six 8-segment displays. 


A Sane 
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Il. FUNCTIONAL DESCRIPTION—MM74C911 


The functional block diagram for the MM74C911 is shown in 
Figure 1. The eight data inputs are buffered and bussed to 
the four dual-port latches. To write data into a particular 
latch, K1 and K2 address inputs are decoded and the prop- 
er latch is enabled when CE and WE are taken low. 


The latch outputs are controlled by the multiplexer (MUX) 
logic. All four latch data outputs are commonly bussed, and 
are sequentially read by the MUX logic. The bussed 8-seg- 
ment outputs are then buffered by bipolar segment driver 
transistors, which are enabled when SOE is low, and are in 
TRI-STATE® mode when Segment Output Enable (SOE) is 
held high. This allows easy display blanking without loss of 
data. 

The multiplexer logic controls all of the timing for the 
MM74C911 and also generates the digit output strobes. The 
timing diagram is shown in Figure 2. 
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FIGURE 1. MM74C911 Block Diagram 
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FIGURE 2, MUX Timing for MM74C911 

By raising the Digit In-Out (DIO) input high, the internal oscil- 
lator is disabled and the digit outputs become inputs which 
control reading of the 4-digit latches. This allows the 
MM74C911 to be slaved to other multiplex timing signals. If 
both SOE and DIO are held high, both the display and oscil- 
lator are disabled causing the MM74C911 to be in a low- 
power mode where it typically draws less than 1 pA. Figure 
3 shows the truth table for these control inputs. 





FIGURE 3. Operating Modes for the 
MM74C911/MM74C912/MM74C917 
(*The 74C911 Digit Outputs become Inputs) 


itl, FUNCTIONAL DESCRIPTION— 
MM74C912/MM74C917 


The functional block diagram for the MM74C912 and 
MM74C917 is shown in Figure 4. These devices are very 
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similar to the MM74C911. There are only five data inputs on 
the MM74C912 and MM74C917 which are buffered, then 
bussed to six 5-bit dual-port latches. The address present 
on K1, K2, and K3 will dictate which of the six latches will be 
loaded when both CE and WE are low. The outputs of all of 
the latches are commonly bussed and fed into a decoder 
ROM which converts BCD (MM74C912) or hexadecimal 
(MM74C917) code to seven segment. The fifth bit is the 
decimal point, which bypasses the ROM. The 8-segment 
bits are then buffered by eight NPN-segment drivers. Like 
the MM74C911, these outputs are TRISTATE and will 
blank the display when SOE is held high. 


All of the multiplexing is controlled by an internal oscillator 
and control logic. The logic sequentially reads each latch 
and activates the digit outputs. The oscillator can be dis- 
abled by raising the Oscillator Enable (OSE) input high, but 
the digit outputs do not become inputs and thus the 
MM74C912, and MM74C917 can not be slaved. However, 
by raising both SOE and OSE high, these parts can be put 
into a low-power mode similar to the MM74C911. Figure 3 
shows the controller operating modes. 


The MM74C912 and the MM74C917 are identical except for 
the last seven ROM locations. The ROM outputs are shown 
in Figure 5 for both parts. 


IV. DISPLAY INTERFACE DESIGN 
A. Common Cathode LED’s 


Since the MM74C911/MM74C912/MM74C917 contain all 
the multiplex circuitry necessary to operate a 4- or 6-digit 
display, all the designer must do is choose appropriate seg- 
ment resistors and digit drivers to properly illuminate the 
LEDs. A typical LED connection is shownin Figure 6. Based 
on the selected display, a certain segment current will be 
required. This current will determine the value of the seg- 
ment resistor and the type of digit driver necessary. The 
design for the MM74C911 is nearly the same as for the 
MM74C912/MM74C917 except that due to multiplexing the 
6-digit controllers must be designed to a higher peak current 
value. 
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FIGURE 4. MM74C912 and MM74C917 Display Controller 
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FIGURE 5. MM74C912/MM74C917 Character Fonts 
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FIGURE 6. Typical LED Connections for (a) MM74C912/MM74C917 (b) MM74C911 
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As an example, suppose the NSN781 (2-digit, 0.7” common 
catholde LED display) has been selected. These displays 
require an average current of 8 mA per segment for good 
illumination: The MM74C911 multiplexes four digits; thus, 
any one digit is on 1% of the time. Each digit must have a 
peak current four times its average current to achieve the 
same brightness. The MM74C911 must supply about 32 mA 
per segment, and the MM74C912/MM74C917 would have 
to supply a current six times the average current or about 
48 mA. 


The maximum digit driver current is the maximum number of 
on” segments multiplied by the segment current. For the 
MM74C911 design, the digit current is ~ 260 mA, and is 
~ 380 mA for the MM74C912/MM74C917. Using this digit 
current value, the digit driver can be selected. Figure 7 
shows possible digit driver ICs, but discrete transistors or 
Darlingtons may also be used, and may be desirable in 
some higher current applications. It is also important to 
keep in mind that the output voltage of the driver at the 
designed current, as this voltage can affect the display con- 
trollers current drive. For most designs, an output voltage of 
< 2V is reasonable. 


Once the digit driver has been chosen and the output volt- 
age at the desired current is known, the segment resistor, 
Rseg can be calculated using: 


peck VseG ~ Vien — Voo 
SEG ~ PE eee ce = 
SEG 
where VL_Ep is the voltage across the LED, 1.8V; Vpo is the 
digit driver output voltage at the chosen current; Iseq is the 
peak segment current; and Vseq is the MM74C911 or 
MM74C912 segment driver output voltage at the peak seg- 
ment current, which can be determined from the curves in 
Figure 8. 


In most cases, Rgeq can be more quickly determined from 
Figure 9 which plots RgeG vs. average segment current. 
These curves are plotted for various digit driver output volt- 
ages using current values from Figure 8. Thus, for the above 
example, if a DS75492 driver I.C. is used with the 
MM74C911 to interface to the NSB781 LEDs Rsgeg = 380 
assuming the drivers output voltage is 1.0V. Note that Fig- 
ure 7 tabulates minimum output drive where the above Vpg 
is an approximation of the DS75492s typical Vpo at 
260 mA. 


Part Ditver'Tvce Number of Minimum 
Number yp Drivers Output Drive 


DS75492 
DS75494 
ps8646 
DS8658 
DS8870 
DS8871/2 
DS8877 
DS8920 
DS8963 
Ds8978 
pss692 


Darlington Driver 


Transistor Driver 
Transistor Driver 
Darlington Driver 
Transistor Driver 
Transistor Driver 
Transistor Driver 
Darlington Driver 
Transistor Driver 
Transistor Driver 


Multiple Transistor Driver 


250 mA @ 1.5V 
150 mA @ 0.35V 
84 mA @ 0.55V 
84 mA @ 0.55V 
350 mA @ 1.4V 
40 mA @ 0.5V 
35 mA @ 0.5V 
40 mA @ 0.5V 
500 mA @ 1.5V 
100 mA @ 0.7V 
350 mA @ 1.0V 
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FIGURE 7. Typical LED Digit Drivers and Their Characteristics 
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FIGURE 8. Typical Segment Driver Current vs. Output Voltage for (a) MM74C911 (b) MM74C912/MM74C917 
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FIGURE 9. Average LED Segment Current vs. Segment Resistor for (a) MM74C911 (b) MM74C912/MM74C917 


Figures 10 and 77 tabulate some typical segment resistor 
values for various National LED displays. (See Optoelec- 
tronics Databook for detailed specifications.) This table was 
compiled for a well lit room, but variation in ambient lighting 
may require some slight modification in the typical segment 
resistor values. 


If a transistor digit driver is being used, it is sometimes desir- 
able to use a base current limiting resistor between the con- 
troller’s output and the transistor’s base. This will help limit 
the power dissipation of the display controller in critical situ- 
ations. The digit resistor, Rpjg, can be calculated using: 


Voig — Vor 

IDI 
where Vp, is the digit driver input voltage, 0.7V for a transis- 
tor, Ip) is the desired digit driver current and Vpig is the 


Roig = 


No. of | No.of Digits _| 


= Fate 298 — eer 10 


controller’s digit output voltage for the chosen current which 
can be found from Figure 12. 

When the MM74C911 is to be used as a ‘“‘master” to drive 
another MM74C911 or other logic, the digit outputs must 
have a high output voltage of 3.0V to drive another 
MM74C911 or 3.5V to drive standard CMOS logic. The digit 
resistor should be > 3002 for Voy = 3.0V and Rpig > 350 
for Vou 2 3.5V. 

A final design consideration is power dissipation. When de- 
signing a low-power system where the total current is to be 
minimized, the total system power consumption is simply: 


: Pr = Vcc (Ipo + Ip) 
where Ipo is the maximum digit driver output current, Vcc is 
the power supply voltage, and Ip; is the digit driver input 
current. 
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FIGURE 10. MM74C911 Segment Resistor Values for Various Displays (Vcc = 5V) 
("Using Red LED Filter over Display) 
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p isptay Typical Range of 
| PartNo. | Height(In.) _| No. of Digits Segment Resistors 


NSA1298 0.110 


DS75494 2000-8000 
3000-1500N* 


NSA1558 DS75494 1502-7000, 
Se 1000N* 
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FIGURE 11. MM74C912/MM74C917 Segment Resistor for Average Intensity for Various Displays 
(*Using Red LED Filter over Display) 
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FIGURE 12. Typical Digit Driver Current vs. Output Voltage for (a) MM74C911 (b) MM74C912/MM74C917 


When a circuit design employs large segment currents, the 
maximum dissipation should be calculated to ensure that 
the power consumption of the controller or digit driver is 
within the maximum limits. The display controller power dis- 
sipation: 


Pc = S(Iseqa) (Voc — Vseq) 


where Iseq and Vsgeq are the peak segment current and 
segment voltage, as previously determined; and S is the 
maximum number of segments lit per digit. The maximum 
package dissipation for the controllers vs. temperature is 
shown in Figure 13. 

To gain an understanding of how segment current af- 
fects the controllers power dissipation, Figure 74 plots 
average and peak LED segment current vs. pack- 
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age dissipation for both the MM74C911 and _ the 
MM74C912/MM74C917. These typical curves are plotted 
using the typical segment driver output currents and volt- 
ages from Figure 8. 


As the digit driver output voltage Vpo becomes larger, the 
driver dissipates more power, thus the designer should also 
ensure that the driver's dissipation is not exceeded. Gener- 
ally, the standard digit driver IC will dissipate around /2W. 
(See specific data sheets.) Driver power dissipation can be 
calculated by: 


Pp = (Vpo)(pia) 


where Vpo and Ipig are the digit driver output voltage and 
current. In a standard digit driver, one output will be active 
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all the time, but if discrete transistors are used, each transis- 
tor is turned on 25% of the tiime. The average power dissi- 
pation for each discrete transistor digit driver is % of the 
above equation. 


B. Common Anode LED Display 


Although connecting the MM74C911/MM74C912/ 
MM74C917 to common anode displays is somewhat more 
difficult than to common cathode displays, it can be done. 
These controllers still provide all the necessary timing sig- 
nals, but some extra buffering must be added to ensure the 
correct logic levels and drive capability. 


To drive common anode displays, the display controller’s 
segment outputs must be inverted and the digit outputs 
must be current buffered. Figure 75 shows a simple circuit 
to interface to most common anode displays. An 8-digit cal- 
culator digit driver IC, DS8871, is used to drive the display 
segments. Segment resistors on the controller's segment 
outputs are not necessary but may be necessary on the 
outputs of the DS8871 driver. 
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FIGURE 13. MM74C911/MM74C912/MM74C917 
Maximum Power Dissipation for (a) Plastic “N” Package 
(b) Ceramic “J” Package (Note Ty,,, AX) = 125°C 
Maximum Junction Temperature) 
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FIGURE 14. Typical Power Dissipation vs. Segment 
Current for (a) MM74C911 (b) MM74C912/MM74C917 


For higher current displays, the choice of digit driver transis- 
tor is important as the digit current will depend on how high 
the digit driver output of the display controller can pull up 
due to the emitter follower configuration. For good display 
brightness, a high gain medium power transistor should be 
used. 


C. Vacuum Fluorescent (VF) Displays 


The MM74C911/MM74C912/MM74C917 are not directly 
capable of driving VF displays, but serve as a major func- 
tional block to ease driving 4- or 6-digit displays. The con- 
trollers provide the multiplex timing for this display, but the 
segment and digit outputs must be level shifted, and a fila- 
ment voltage must be applied. 


In Figure 16, a DS8654 or similar device is used to translate 
the segment and digit voltages to 30V to drive the segment 
plates and digit grids. The AC filament voltage is derived 
from a separate low-voltage transformer which is biased by 
a zener. Since there is no pull-down in the DS8654, pull- 
down resistors must be added. The exact anode and cath- 
ode voltages and the bias zener will depend on the display 
used, but the basic circuit is the same. 
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FIGURE 15. MM74C911 to Common Anode LED Interface Using 9 Digit Driver 
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FIGURE 16. MM74C912/MM74C917 to Vacuum Fluorescent Display Interface 
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V. MM74C911 DISPLAY APPLICATIONS 


Of the three CMOS display controllers, the MM74C911 is 
the simplest, but also the most versatile. Since the charac- 
ter font is not predetermined, many non-numerical charac- 
ters can be displayed using standard 8-segment displays. In 
many cases, it may be desirable to enable a small micro- 
processor to display prompt messages where the use of 
more complicated alpha-numeric displays is not justified. 


For these cases, the MM74C911 is ideal, because any com- 


bination of segments can be controlled. Figure 77 shows 
many of the possible letters and numbers that can be dis- 
played along with their binary and hexadecimal values on 8- 
segment displays. 


There is no reason to restrict the MM74C911 to alpha-nu- 
meric displays, as the controller allows direct control of indi- 
vidual LEDs. The MM74C911 can be connected to a mixture 
of numerical and discrete LEDs as typified by Figure 18. 
Thus status and numerical data can be simultaneously con- 
trolled. 


Taking this one step further, all the LEDs could be discrete 
as shown in Figure 79. This type of arrangement is multipur- 
pose. The LEDs could be configured as a 4 x 8 matrix or 
possible two-bar graphs of 16 LEDs, Figure 20, or maybe 
some sort of binary data display. There are many variations 
possible. 


VI. SLAVING THE MM74C911 


As mentioned, the MM74C911 has the unique feature of 
being able to be slaved to external multiplex logic or a 


“master” MM74C911. This feature is useful when the con- . 


troller is to be synchronized with a master. Figure 21 shows 
a typical application where two MM74C911s are used to 
drive a 16-segment alpha-numeric display. In order to drive 
this display, synchronization is required to ensure that both 
controllers are outputting the same digit information at the 
same time. 
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A more subtle advantage to slaving MM74C911s occurs 
when trying to use multi-controllers to drive more digits. This 
case, illustrated in Figure 22, allows fewer, more powerful 
digit drivers to be used. This can be advantageous when 
using smaller displays that require little power to begin with. 


VII. MM74C912/MM74C917 DISPLAY APPLICATIONS 


Both the MM74C911/MM74C912 have predetermined char- 
acter fonts and this limits their versatility, but greatly simpli- 
fies their application in hex and decimal display application. 
Still, there are a few small “tricks” that can be used to 
stretch the controller’s capabilities. 


In many applications, the decimal point segment is not 
needed, particularly when the MM74C917 is used. General- 
ly, this part is used to display hexadecimal address and data 
information where decimal points are rarely needed. These 
segments could be used for status information. Figure 23 
shows a typical implementation. The status LEDs could indi- 
cate power, run and halt status information of a host uP or 
could indicate the type of instruction being executed. Al- 
though the MM74C912 applications would tend to use the 
decimal point more often, it is equally capable of implement- 
ing Figure 23. 

Another possibility, if all six digits are not required, is to use 
the unused digits for status indicators. A possible example 
using the MM74C917 is shown in Figure 24, and another 
possible implementation for the MM74C912 is shown in 
Figure 25. \n both of these applications, four bits of data is 
loaded into digits 1 and/or 2. Depending on the data load- 
ed, various combinations of discrete LEDs would be lit. The 
tables included in these figures illustrate numerical combi- 
nations and their results. 
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FIGURE 17. Segment Coders for Various Characters Using 8-Segment Displays (MSB of Hex Code is Segment a, LSB Is 
Decimal Point |.e., for 0 (a= 1, b= 1, c= 1, d= 1, e= 1, f= 1, g=0, dp =0) = FC) 
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FIGURE 18. Discrete and Numeric Display 
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FIGURE 19. Discrete LED Matrix Display 
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FIGURE 21. Interfacing to Alphanumeric Displays 





2-61 


AN-257 


409 
(8 PLACES) 


MM74C911 
(SLAVE) 


2N3904 
(4 PLACES) 


3009 
(4 PLACES) 


} 


MM74C911 
* (MASTER) 


FIGURE 22. Multi-Digit Displays 
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FIGURE 24. MM74C917 (a) Display with 8 Discrete LED’s (b) Inputs for LED Output Table 
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FIGURE 25. MM74C912 (a) 4 Digit Display with Discrete LEDs (b) I/O Data Table 


VII. INTERFACING TO MICROPROCESSORS 


The CMOS LED display controllers can be easily interfaced 
to most of the popular microprocessors with the addition of 
only a few ICs. Most microprocessor data and address bus 
logic is specified to be TTL compatible. A standard TTL log- 
ic high, Vou is supposed to be = 2.4V at full load which is 
not compatible with a CMOS Viy = 3.5V. Although micro- 
processor inputs will typically pull-up above 3.5V, this is not 
guaranteed over the entire temperature range. It is recom- 
mended that pull-up resistors be added to raise this level 
above 3.5V. Under most conditions, a 5k-10k resistor 
should suffice. 


The write timing of the display controllers is illustated in Fig- 
ure 26. The minimum write access time is 430 ns for the 
MM74C912/MM74C917 and 450 ns for the MM74C911. A 
write to the controller is accomplished by placing the de- 
sired data on the data inputs, lowering the CE and WE in- 
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puts, and then raising them to complete the write. Even 
though CE and WE are interchangeable, CE is usually de- 
rived from the address decoding logic and WE is connected 
to the CPU write strobe. Other than the slight timing differ- 
ences between the MM74C911 and the MM74C912/ 
MM74C917, the only other major microprocessor interfacing 
differences are that the MM74C912/MM74C917 have an 
additional digit address bit which must be connected to the 
microprocessors address bus, and the MM74C911 has 
eight data inputs whereas the MM74C912/MM74C917 have 
only five. 


A. Interfacing to the INS8080 

These controllers can be connected to the INS8080/ 
INS8224/INS8238 CPU group with no external logic if no’ 
more than a minimal amount of address decoding is re- 
quired. Since the INS8080 has a separate memory and I/O 





port address spaces, one of the I/O port address bits could 
be directly connected to the CE input. Figure 27 illustrates 
this using an MM74C911. Whenever an OUT instruction is 
executed causing the |/OW (INS8080 write enable signal) to 
go low and the address is such that A7 is low, AO A1 will 
select the digit to be written. If more decoding is required, 
some external gating logic may be added to the CE input. 


The MM74C912/MM/74C917 would be interfaced by con- 
necting the A, B, C, D and DP to bit DO-D4 of the data bus 
and connecting K1-K3 to Ag—Ap. Writing data to these con- 
troilers would be the same as writing to the MM74C911. 


B. Interfacing to the Z80® 


To connect these display controllers to the Z80 microproc- 
essor, only a minor modification to the INS8080 need be 
made. The Z80 control signals are slightly different from the 
INS8080. Instead of the INS8080 I/O write strobe, the Z80 
has an I/O request line (IOREQ), which goes low to indicate 
an |/O port is to be accessed, and a write (WR) strobe 
which indicates that a memory or I/O write is to be done. By 
OR-ing, these together an equivalent I/OW signal is gener- 
ated as shown in Figure 28. 


C. Interfacing to the NSC800T 


The NSC800 has very different timing because the lower 
eight address bits and the data bus are multiplexed. But 
when connecting the display controllers as I/O ports, the 
interface is only slightly different from the INS8080 design. 
When an !/O instruction is executed, the port address that 
appears on AO-A7 is duplicated on A8—A15, and this ad- 
dress can be used directly. The controller WE input must be 
decoded from a WR (write enable) and 1O/M (I/O or memo- 
ry enable) as shown in Figure 29. Note that since the 
NSC800 is a CMOS microprocessor, no pull-up resistors are 
needed. 


Figure 29 uses address bit A15 which is equivalent to bit A7 
on the previous examples. As with the previous examples, if 
more address decoding is required, either gates or decod- 
ers could be connected to the CE input. 


D. Interfacing to the 6800 


When using the INS8080, Z80, or NSC800, these proces- 
sors have separate 1/O and memory address spaces. This 
usually allows simpler interfaces to be designed. The 6800 
has no separate I/O addressing so I/O ports are usually 
mapped into a small block of memory. This requires more 
address decoding to ensure that memory and I/O don’t 
overlap. 


Figure 30 shows a DM8131 6-bit address bus comparator 
whose B, inputs are a combination of A15-A12 address 
bits, the ®z (6800 system clock) and the VMA (Valid Memo- 
ry Access) contro} signal. When these inputs equal the cor- 
responding T,, inputs, the output goes low. The 6800 R/W 
signal is connected to the WE. 


E. Interfacing to the INS8060/INS8070 


Like the 6800, the INS8060/8070 series of microproces- 
sors don’t have any separate I/O addressing, so the 
MM74C911/MM74C912/MM74C917 must be memory ad- 
dressed, but unlike the 6800 both the INS8070 series and 
the INS8060 have separate read/write strobes, which can 
simplify interfacing the display controllers. Figure 37 illus- 
trates a typical INS8060 interface. The NWDS (write enable) 
is directly connected to the MM74C912s WE input and the 
DM8131 provides the address decoding for the controller. 
The INS8060 has only 12 address bits (unless using paged 
addressing) so bits Ag—A11 are decoded by the comparator. 
The INS8070 series microprocessor has the identical 


NWDS signal but has 16 address bits. Thus Figure 31 would 
connect the A10-—A15 address bits to the DM8131. 


VM, Car MM 


kaw 


taw 


= 


Two—>| 


|= tow 


FIGURE 26. MM74C911/MM74C912/MM74C917 Timing Diagram (See data sheets for numbers) 
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FIGURE 28. Z80 Interface to MM74C912/MM74C917 





2-66 


sv 


Ye-DM74LS00 


Wi 
o® | —— LED DISPLAY 
[et fe 
SEGMENT 
OUTPUTS 


O15 
SUE 


MMTACSI1 


ourPuTs DIGIT DRIVER 
WSC800 
DATA BUS 


Port Address = OXXX XXAB (Binary) 
(Where X = Don’t Care and AB 
are Digit Select (00-11) 


740911 


FIGURE 29. NSC800 Interface to MM74C911 
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FIGURE 30. MM74C911 to 6800 Microprocessor Interface 
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F. Multiple Display Controllers 


In systems where multiple display controllers are to be 
used, the simple addressing schemes of the previous exam- 
ples may prove to be too costly in |/O capabilities, so some 
extra decoding is necessary to derive the CE signals. A typi- 
cal method uses a 2-4 line decoder or a 3-8 line decoder. 
Where the total time from a stable address to the write 
pulse goes inactive is = 1 xs, a CMOS decoder such as the 
MM74C42 or MM74C154 can be used, but if faster access- 
ing is required, their LS equivalents should be employed. 


Figure 32 shows a typical implementation of a 16-digit dis- 
play using half of a DM74LS139 decoder to provide the CE 
signals for each controller. 


G. Making the MM74C911/MM74C912/MM74C917 
Look Like RAM 


So far, the discussion of addressing the controllers has 
been to separate the devices from memory, but there are 
certain advantages to not doing this. In many instances, mi- 
croprocessor software requirements are such that data out- 
putted to the controller also must be remembered by the 
microprocessor for later use. Since data cannot be read 
from the display controllers, the processor must also write 
the data in a spare register or a memory location. This extra 
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writing and “bookkeeping” software can be eliminated by 
addressing the MM74C911/MM74C912/MM74C917 over 
existing RAM. When data is written to the controller, it could 


- also be stored in RAM simultaneously and can be read later 


by the CPU. 


Figure 31 shows a simple example of this using an 
MM74C912 controller and two MM2114 1k x 4 memory 
chips. A DM74LS30 is used to detect when the last eight 
bytes of this memory is being accessed and enables the 
controller display. Thus, the last eight bytes of the RAM 
contains a duplicate copy of what the display controller is 
displaying. 


IX. CONCLUSION 


All three controllers provide simple and inexpensive inter- 
faces to multiplexed multidigit displays. These devices are 
particularly well suited to microprocessor environments, but 
any type of CMOS compatible control hardware can be 
used. The MM74C911/MM74C912/MM74C917 can most 
easily drive common anode displays. By providing most of 
the multiplex circuitry into one low-cost integrated circuit, 
the burden of designing discrete multiplexing has been elim- 
inated. 
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FIGURE 32. Multi-Digit Array 
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HC-MOS Power 
Dissipation 


If there is one single characteristic that justifies the exis- 
tence of CMOS, it is low power dissipation. In the quiescent 
state, high-speed CMOS draws five to seven orders of mag- 
nitude less power than the equivalent LSTTL function. 
When switching, the amount of power dissipated by both 
metal gate and high-speed silicon gate CMOS is directly 
proportional to the operating frequency of the device. This is 
because the higher the operating frequency, the more often 
the device is being switched. Since each transition requires 
power, power consumption increases with frequency. 


First, one will find a description of the causes of power con- 
sumption in HC-CMOS and LSTTL applications. Next will 
fotlow a comparison of MM54HC/MM74HC to LSTTL power 
dissipation. Finally, the maximum ratings for power dissipa- 
tion imposed by the device package will be discussed. 


Quiescent Power Consumption 


Ideally, when a CMOS integrated circuit is not switching, 
there should be no DC current paths from Vcc to ground, 
and the device should not draw any supply current at all. 
However, due to the inherent nature of semiconductors, a 
small amount of leakage current flows across all reverse-bi- 
ased diode junctions on the integrated circuit. These leak- 
ages are caused by thermally-generated charge carriers in 
the diode area. As the temperature of the diode increases, 
so do the number of these unwanted charge carriers, hence 
leakage current increases. 


Leakage current is specified for all CMOS devices as Icc. 
This is the DC current that flows from Voc to ground when 
all inputs are held at either Vcc or ground, and all outputs 
are open. This is known as the quiescent state. 


For the MM54HC/MM74HC family, Icc is specified at ambi- 
ent temperatures (Ta) of 25°C, 85°C, and 125°C. There are 
three different specifications at each temperature, depend- 
ing on the complexity of the device. The number of diode 
junctions grows with circuit complexity, thereby increasing 
the leakage current. The worst case Icc specifications for 
the MM54HC/MM74HC family are summarized in Table I. In 
addition, it should be noted that the maximum Icc¢ current 
will decrease as the temperature goes below 25°C. 


TABLE I. Supply Current (Icc) for MM54HC/MM74HC 
Specified at Vcc =6V 


Ta Gate Buffer MSI Unit 





National Semiconductor 
Application Note 303 
Kenneth Karakotsios 


To obtain the quiescent power consumption for any CMOS 

device, simply multiply Icc by the supply voltage: 
Poc=!ceVcc 

Sample calculations show that at room temperature the 

maximum power dissipation of gate, buffer, and MSI circuits 

at Vcc=6V are 10 pW, 20 pW, and 40 pW, respectively. 


Dynamic Power Consumption 

Dynamic power consumption is basically the result of charg- 
ing and discharging capacitances. It can be broken down 
into three fundamental components, which are: 

1. Load capacitance transient dissipation 

2. Internal capacitance transient dissipation 

3. Current spiking during switching. 


Load Capacitance Transient Dissipation 
The first contributor to power consumption is the charging 
and discharging of external load capacitances. Figure 7isa 
schematic diagram of a simple CMOS inverter driving a ca- 
pacitive load. A simple expression for power dissipation as a 
function of load capacitance can be derived starting with: 
QL=CLVcc 
where C, is the load capacitance, and Q, is the charge on 
the capacitor. If both sides of the equation are divided by 
the time required to charge and discharge the capacitor 
(one period, T, of the input signal), we obtain: 


ce (3) 
T CiVcc T 


OUTPUT 


t 


TL/F/5021~1 


FIGURE 1. Simple CMOS Inverter Driving a 
' Capacitive External Load 


Since charge per unit time is current (Q./T=1) and the in- 

verse of the period of a waveform is frequency (1/T =f): 
IL=C.LVocf 

To find the power dissipation, both sides of the equation 

must be multiplied by the supply voltage (P= VI), yielding: 
PL=CL Voc?f 
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One note of caution is in order. If all the outputs of a device 
are not switching at the same frequency, then the power 
consumption must be calculated at the proper frequency for 
each output: 


PL=Voc2(Ciift+Clofot+ .. . +Cinfy) 
Examples of devices for which this may apply are: counters, 


dual flip-flops with independent clocks, and other integrated 
circuits containing dual, triple, etc., independent circuits. 


Internal Capacitance Transient Dissipation 


Internal capacitance transient dissipation is similar to load 
capacitance dissipation, except that the internal parasitic 
“on-chip” capacitance is being charged and discharged. 
Figure 2 is a diagram of the parasitic nodal capacitances 
associated with two CMOS inverters. 


Vcc 





— 

INVERTER 2 
TL/F/5021-2 

FIGURE 2. Parasitic Internal Capacitances 
Associated with Two Inverters 


— 
INVERTER 1 


C1 and Co are capacitances associated with the overlap of 
the gate area and the source and channel regions of the P- 
and N-channel transistors, respectively. C3 is due to the 
overlap of the gate and source (output), and is known as the 
Miller capacitance. C4 and Cs are capacitances of the para- 
sitic diodes from the output to Vcc and ground, respectively. 
Thus the total internal capacitance seen by inverter 1 driv- 
ing inverter 2 is: 

C)=Cy+Cot+203+C4+C5 
Since an internal capacitance may be treated identically to 
an external load capacitor for power consumption calcula- 
tions, the same equation may be used: 

Pi= Cec? F 


Vcc 


INPUT OUTPUT 


GND<Vin<Vec Vcc>VouT> GND 


At this point, it may be assumed that different parts of the 
internal circuitry are operating at different frequencies. A\- 
though this is true, each part of the circuit has a fixed fre- 
quency relationship between it and the rest of the device. 
Thus, one value of an effective C; can be used to compute 
the internal power dissipation at any frequency. More will be 
said about this shortly. 


Current Spiking During Switching 


The final contributor to power consumption is current spik- 
ing during switching. While the input to a gate is making a 
transition between logic levels, both the P- and N-channel 
transistors are turned partially on. This creates a low imped- 
ance path for supply current to flow from Vcc to ground, as 
illustrated in Figure 3. 


For fast input rise and fall times (shorter than 50 ns for the 
MM54HC/MM74HC family), the resulting power consump- 
tion is frequency dependent. This is due to the fact that the 
more often a device is switched, the more often the input is 
situated between logic levels, causing both transistors to be 
partially turned on. Since this power consumption is propor- 
tional to input frequency and specific to a given device in 
any application, as is C;, it can be combined with C). The 
resulting term is called “Cpp,” the no-load power dissipation 
capacitance. It is specified for every MM54HC/MM74HC 
device in the AC Electrical Characteristic section of each 
data sheet. 


It should be noted that as input rise and fall times become 
longer, the switching current power dissipation becomes 
more dependent on the amount of time that both the P- and 
N-channel transistors are turned on, and less related to Cpp 
as specified in the data sheets. Figure 4 is a representation 
of the effective value of Cpp as input rise and fall times 
increase for the MM54HC/MM74HC08, MM54HC/ 
MM74HC139, and MM54HC/MM74HC390. To get a fair 
comparison between the three curves, each is divided by 
the value of Cpp for the particular device with fast input rise 
and fall times. This is represented by “Cppo,” the value of 
Cpp specified in the data sheets for each part. This compar- 
ison appears in Figure 5. Cpp remains constant for input rise 
and fall times up to about 20 ns, after which it rises, ap- 
proaching a linear slope of 1. The graphs do not all reach a 
slope of 1 at the same time because of necessary differenc- 
es in circuit design for each part. The MM54HC/MM74HC08 
exhibits the greatest change in Cpp, while the MM54HC/ 
MM74HC139 shows less of an increase in Cpp at 
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FIGURE 3. Equivalent schematic of a CMOS inverter whose input is between logic levels 
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any given frequency. Thus, the power dissipation for most of 
the parts in the MMS54HC/MM74HC family will fall within 
these two curves. One notable exception is the MM54HC/ 
MM74HCU04. 
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FIGURE 4. Comparison of Typical Cpp for 
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FIGURE 5. Normalized Effective Cpp (Typical) 
for Slow Input Rise and Fall Times. 
trise = tran, Voc = 5V, Ta= 25°C 


Inputs that do not pull all the way to Vcc or ground can also 
cause an increase in power consumption, for the same rea- 
son given for slow rise and fall times. If the input voltage is 
between the minimum input high voltage and Vcc, then the 
input N-channel transistor will have a low impedance (i.e., 
be “turned on”) as expected, but the P-channel transistor 
will not be completely turned off. Similarly, if the input is 
between ground and the maximum input low voltage, the P- 
channel transistor will be fully on and the N-channel transis- 
tor will be partially on. In either case, a resistive path from 
Vcc to ground will occur, resulting in an increase in power 
consumption. 

Combining all the derived equations, we arrive at the 
following: 

Prorat = (CL + Cpp)Vcc?F+ lecVec 
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This equation can be used to compute the total power con- 
sumption of any MM54HC/MM74HC device, as well as any 
other CMOS device, at any operating frequency. It includes 
both DC and AC contributions to power usage. Cpp and Icc 
are supplied in each data sheet for the particular device, 
and Vcc and f are determined by the particular application. 


Comparing HC-CMOS to LSTTL 


Although power consumption is somewhat dependent on 
frequency in LSTTL devices, the majority of power dissipat- 
ed below 1 MHz is due to quiescent supply current. LSTTL 
contains many resistive paths from Vcc to ground, and even 
when it is not switching, it draws several orders of magni- 
tude greater supply current than HC-CMOS. Figure 6 is a 
bar graph comparison of quiescent power requirements 
(Vcc) X (icc) between LSTTL and HC-CMOS devices. 


The reduction in CMOS power consumption as compared to 
LSTTL devices is illustrated in Figures 7 and 8. These 
graphs are comparisons of the typical supply current (Icc) 
required for equivalent functions in MM54HC/MM74HC, 
MM54HC/MM74C, CD4000, and 54LS/74LS logic families. 
The currents were measured at room temperature (25°C) 
with a supply voltage of 5V. 


Figure 7 represents the supply current required for a quad 
NAND gate with one gate in the package switching. The 
MM54HC/MM74HC family draws slightly more supply cur- 
rent than the 54C/74C and CD4000 series. This is mainly 
due to the large size of the output buffers necessary to 
source and sink currents characteristic of the LSTTL family. 
Other reasons include processing differences and the larger 
internal circuitry required to drive the output buffers at high 
frequencies. The frequency at which the CMOS device 
draws as much power as the LSTTL device, known as the 
power cross-over-frequency, is about 20 MHz. 

In Figure 8, which is a comparison of equivalent flip-flops 
(174) and shift registers (164) from the different logic fami- 
lies, the power cross-over frequency again occurs at about 
20 MHz. 
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FIGURE 6. High Speed CMOS (HC-CMOS) vs. LSTTL 
Quiescent Power Consumption 
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The power cross-over frequency increases as circuit com- 
plexity increases. There are two major reasons for this. 


First, having more devices on an LSTTL integrated circuit © 


means that more resistive paths between Vcc and ground 
will occur, and more quiescent current will be required. In a 
CMOS integrated circuit, although the supply leakage cur- 
rent will increase, it is of such a small magnitude (nanoAmps 


per device) that there will be very little increase in total pow- _ 


er consumption. 
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FIGURE 7. Supply Current vs. Input Frequency 
for Equivalent NAND Gates 
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FIGURE 8. Supply Current vs. Frequency 


Secondly, as system complexity increases, the precentage 
of the total system operating at the maximum frequency 
tends to decrease. Figure 9 shows block diagrams of a 
CMOS and an equivalent LSTTL system. In this abstract 
system, there is a block of parts operating at the maximum 
frequency (Fmax), a block operating at half Fmax, a block 
operating at one quarter Fma,, and so on. Let us call the 
power consumed in the first section P1. Ina CMOS system, 
since power consumption is directly proportional to the op- 
erating frequency, the amount of power consumed by the 
second block will be (P1)/2, and the amount used in the 
third section will be (P1)/4. If the power consumed over a 
large number of blocks is summed up, we obtain: 


ProtaL=P1+(P1)/2+(P1)/4+ . . .+(P1)/(29-1) 
and PtotaLs2(P1) 


Now consider the LSTTL system. Again, the power con- 
sumed in the first block is P1. The amount of power dissipat- 
ed in the second block is something less than P1, but great- 
er than (P1)/2. For simplicity, we can assume the best case, 
that P2=(P1)/2. The power consumption for all system 
blocks operating at frequencies Fmax/2 and below will be 
dominated by quiescent current, which will not change with 
frequency. The power used by blocks 3 through n will be 
approximately equal to the power dissipated by block 2, 
(P1)/2. The total power consumed in the LSTTL system is: 


ProtaL=(P1+(P1)/2+(P1)/2+ .. . +(P1)/2 
ProTaL=P1+(N-1)(P1)/2 
and for n>2, ProtaL>2(P1) 


Thus, an LSTTL system will draw more power than an 
equivalent HC-CMOS system. 


cmos: 


BLOCK AT BLOCK AT 
fmax tmax/2 


POWER] = Py POWER2=P4/2 


BLOCK AT 
{max/4 ae 


POWER3=P4/4 = POWERn=P4/2(N -1) 
LSTTL: 


BLOCK AT BLOCK AT BLOCK AT sas 
{max fmax/2 tmax/4 


POWER = Py POWER2\P4/2 POWERZ~P1/2  POWERnP4/2 
TL/F/5021~-10 


FIGURE 9. Comparison of Equivalent CMOS 
and LSTTL Systems 


This effect is further illustrated in Figure 70. An arbitrary 
system is composed of 200 gates, 150 counters, and 150 
full adders, with 50 pF loads on all of the outputs. The sup- 
ply voltage is 5V, and the system is at room temperature. 
For this system, the worst case power consumption for 
CMOS is about an order of magnitude lower than the typical 
LSTTL power requirements. Thus, as system complexity in- 
creases, CMOS will save more power. 


Maximum Power Dissipation Limits 


It is important to take into consideration the maximum pow- 
er dissipation limits imposed on a device by the package 
when designing with high-speed CMOS. The plastic small- 
outline (SO) can dissipate up to 500 mW, and the ceramic 
DIP and plastic DIP can dissipate up to 700 mW. Although 
this limit will rarely be reached in typical high-speed applica- 
tions, the MMS54HC/MM74HC family has such large output 
current source and sink capabilities that driving a resistive 
load could possibly take a device to the 500 or 700 mw 
limit. This maximum power dissipation rating should be de- 
rated, starting at 65°C for the plastic packages and 100°C 
for the ceramic packages. The derating factor is different for 
each package. The factor for the plastic small-outline is 
—8.83 mW/°C; the plastic DIP, —12 mW/°C; and the ce- 
ramic DIP, —14 mW/°C. This is illustrated in Figures 77 and 
72. Thus, if a device in a plastic DIP package is operating at 
70°C, then the maximum power dissipation rating would be 
700 mW — (70°C — 65°C) (12 mW/°C) = 640 mW. Note 
that the maximum ambient temperature is 85°C for plastic 
packages and 125°C for ceramic packages. 
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FIGURE 10. System Power vs. Frequency 
MMHC74HC vs. LSTTL 
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FIGURE 11. Plastic Package (MM74HC) 
High Temperature Power Derating 
for MM54HC/MM74HC Family 
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FIGURE 12. Ceramic Package (MM54HC) 
High Temperature Power Derating 
for MM54HC/MM74HC Family 


Summary 


The MM54HC/MM74HC high-speed silicon gate CMOS 
family has quiescent (standby) power consumption five to 
seven orders of magnitude lower than the equivalent LSTTL 
function. At high frequencies (30 MHz and above), both 
families consume a similar amount of power for very simple 
systems. However, as system complexity increases, HC- 
CMOS uses much less power than LSTTL. To keep power 
consumption low, input rise and fall times should be fast 
(less than 50 to 100 ns) and inputs should swing all the way 
to Vcc and ground. 


There is an easy-to-use equation to compute the power 

consumption of any HC-CMOS device in any application: 
Protat= (CL + Cpp)Vccf + IocVec 

The maximum power dissipation rating is 500 mW per pack- 


age at room temperature, and must be derated as tempera- 
ture increases. 
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High-Speed CMOS 
(MM54HC/MM74HC) 
Processing 


The MM54HC/MM74HC logic family achieves its high 
speed by utilizing microCMOS™ Technology. This is a 3.5 
silicon gate P-well CMOS process single layer poly, single 
layer metal, P-well process with oxide-isolated transistors. 
Why do silicon-gate transistors (polycrystalline) switch fast- 
er than metal-gate transistors? The reason is related both to 
the parasitic capacitances inherent in integrated circuits and 
the gain of the transistors. The speed at which an MOS 
transistor can switch depends on how fast its internal para- 
sitic capacitance, as well as its external load capacitance, 
can be charged and discharged. Capacitance takes time to 
be charged and discharged, and hence degrades a transis- 
tor's performance. The gain of a transistor is a measure of 
how well a transistor can charge and discharge a capacitor. 
Therefore, to increase speed, it is desirable to both de- 
crease parasitic capacitance and increase transistor gain. 
These advantages are achieved with National’s silicon-gate 
CMOS process. To understand exactly how these improve- 
ments occur in silicon-gate CMOS, it is helpful to compare 
the process to the metal-gate CMOS process. 


Metal-Gate CMOS Processing 


Figure 1 through 72 are cross sections of a metal-gate 
CMOS pair of P- and N-channel transistors with associated 
guard rings. Guard rings are necessary in metal-gate pro- 
cessing to prevent leakage currents between the sources 
and drains of separate transistors. The starting material is 
an N- type silicon substrate covered by a thin layer of ther- 
mally grown silicon dioxide (SiO2) (Figure 7). Siticon dioxide, 
also called oxide acts as both a mask for certain processing 
steps and a dielectric insulator. Figure 2 shows 
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the addition of a lightly doped P— well in which the N-chan- 
nel transistors and P+ guard rings will later be located. The 
P— well is ion implanted into the substrate. A thin layer of 
oxide allows ions to be implanted through it, while a thicker 
oxide will block ion implantation. 

Next, the oxide over the P— well is stripped, and a new 
layer of oxide is grown. Following this, holes are etched into 
the oxide where the P+ source, drain, and guard ring diffu- 
sions shall occur. The P+ regions are diffused, and then 
additional oxide is grown to fill the holes created for diffu- 
sion (Figures 3, 4, and 5). The following step is to cut holes 
in the oxide to diffuse the N-channel sources, drains and 
guard bands. Then oxide is again thermally grown (Figures 6 
and 7). 

In the following step, the composite mask is created by 
again cutting holes in the oxide. This defines the areas 
where contacts and transistor gates will occur (Figure 8). A 
thin layer of gate oxide is grown over these regions (Figure 
9), and alignment of this to the source and drain regions is a 
critical step. If the gate oxide overlaps the source or drain, 
this will cause additional parasitic capacitance. 


Contacts to transistor sources and drains are cut into the 
thin oxide where appropriate (Figure 10), and then the inter- 
connect metal is deposited (Figure 11). Depositing the met- 
al over the gate areas is also a critical step, for a misalign- 
ment will cause extra unwanted overlap capacitance. Figure 
72 illustrates the final step in processing, which is to deposit 
an insulating layer of silicon dioxide over the entire surface 
of the integrated circuit. 


Silicon 
a N-Substrateg 


FIGURE 1. Initial Oxidation, Thermally Grown Silicon 
Dioxide Layer on Silicon Substrate Surface 
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FIGURE 2. P— Mask and Formation of P— Well Tub in 
Which N-Channel Devices Will Be Located 
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FIGURE 3. P— Well Oxidation, Thermally Grown Silicon 
Dioxide Layer Over P— Well Area 
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FIGURE 4. P + Mask and Formation of Low Resistance P + Type Pockets in 
— Well and N-Substrate 





FIGURE 5. P + Oxidation, Thermally Grown Silicon 
Dioxide Layer Over P+ Type Pockets 





FIGURE 6. N + Mask and Formation of Low Resistance N + Type Pockets in 
P— Well and N-Substrate 


N+ P+ SiOz N+ P+ 


FIGURE 7. N + Oxidation, Thermally Grown Sllicon 
Dioxide Layer Over N + Type Pockets 
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FIGURE 8. Composite Mask and Openings to N- and 
P-Channel Devices 


FIGURE 9. Gate Oxidation, Thermally Grown Silicon Dioxide Layer Over N- and 
P-Channel Devices 


P+ Si02 N+ 


TL/L/5044-4 
FIGURE 10. Contact Mask and Openings to N- and 
P-Channel Devices 


FIGURE 11. Metallization, Metal Mask, Resulting in 
Gate Metal and Metal Interconnects . 
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FIGURE 12. Passivation Oxide, Deposited Silicon Saas 
Dioxide Over Entire Die Surface 
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Silicon-Gate CMOS Processing 


The silicon-gate CMOS process starts with the same two 
steps as the metal-gate process, yielding an N— substrate 
with an ion-implanted P— well (Figures 13 and 74). That, 
however, is where the similarity ends. Next, the initial oxide 
is stripped, and another layer of oxide, called pad oxide, is 
thermally grown. Also, a layer of silicon nitride is deposited 
across the surface of the wafer (Figure 15). The nitride pre- 
vents oxide growth on the areas it covers. Thus, in Figure 
16, the nitride is etched away wherever field oxide is to be 
grown. The field oxide is a very thick layer of oxide, and it is 
grown everywhere except in the transistor regions (Figure 
77). As an oxide grows in silicon, it consumes the silicon 
substrate beneath it and combines it with ambient oxygen to 
produce silicon dioxide. Growth of this very thick oxide 
causes the oxide to be recessed below the surface of the 
silicon substrate by a significant amount. A recessed field 
oxide eliminates the need for guard ring diffusions, because 
current cannot flow through the field oxide, which complete- 
ly isolates each transistor from every other transistor. 


The next step is to deposit a layer of polycrystalline silicon, 
also called poly, which will form both the gate areas and.a 
second layer of interconnect (Figure 78). The poly is then 
etched, and any poly remaining becomes a gate if it is over 
gate oxide, and interconnect if it is over field oxide. A new 
layer of oxide is grown over the poly, which will act as an 
insulator between the poly and the metal interconnect (Fig- 
ure 19). The poly over the transistor areas is not as wide as 
the gate oxide. This allows the source and drain diffusions 
to be ion implanted through the gate oxide. The poly gate 
itself, along with the field oxide, is used as a mask for im- 
plantation. Therefore, the source and drain implants will au- 
tomatically be aligned to the gate poly, which is what makes 
this process a self-aligned gate process (Figure 20). 
Figure 27 illustrates the steps of cutting contacts into the 
insulating layer of oxide, so the metal may be connected to 
gate and field poly, as well as to source and drain implants. 
A layer of metal is deposited across the entire wafer, and is 
etched to produce the desired interconnection. Finally, as in 
metal-gate processing, an insulating layer of oxide is depos- 
ited onto the wafer (Figure 22). 


Advantages of Silicon-Gate Processing 


There are three major ways in which silicon-gate processing 
reduces parasitic capacitance: recessed field oxide, lower 
gate overlap capacitance, and shallower junction depths. 
Figures 23 and 24 are cross sections of metal gate and 
silicon gate CMOS circuits, respectively. These figures show 
the parasitic on-chip capacitances (C; through C,) for each 
type of process. 


The N+ and P+ source and drain regions, as well as guard 
ring regions, in the metal-gate process, have two capaci- 
tances associated with them: periphery and area capaci- 
tances (Co and C1). These capacitances are associated 
with the diode junctions between the P+ regions and the 
N— substrate, as well as the N+ regions and P— well. The 
finer line widths of silicon-gate CMOS, coupled with the 
shallower junction depths, act to decrease the size of these 
parasitic diodes. Capacitance is proportional to diode area, 


hence the diode area reduction results in a significantly re- 
duced parasitic capacitance in silicon-gate CMOS. 


Another origin of unwanted capacitance is the area where 
the gate overlaps the source and drain regions (C4). The 
overlap is much larger in metal-gate processing than in sili- 
con-gate CMOS. This is due to the fact that the metal-gate 
must be made wider than the channel width to allow for 
alignment tolerances. !n silicon-gate processing, since the 
gate acts as the mask for the ion implantation of the source 
and drain regions, there is no alignment error, which results 
in greatly reduced overlap. 


How does the use of polysilicon gates increase the gain of a 
MOSFET? Polysilicon may be etched to finer line widths 
than metal, permitting the fabrication of transistors with 
shorter gate lengths. The equation that describes the gain 
of a MOSFET is shown below: 

_ (Beta)(Width) - 2 
| Sa BanIAT (Length {(Gate Voltage)-(Threshold Voltage)] 
Thus, a decrease in gate length will cause an increase in 
current drive capability. This, in turn, will allow the transistor 
to charge a capacitance more rapidly, therefore increasing 
the gain of the transistor. Also, the gate oxide is thinner for 
the silicon-gate CMOS process. A thinner gate oxide in- 
creases the Beta term in the equation, which further in- 
creases gain. Finally, although it is not apparent from the 
processing cross sections, the transistor threshold (turn on) 
voltage is lower. This is accomplished by the use of ion 
implants to adjust the threshold. 


There is one more advantage of silicon-gate processing that 
should be noted: the polysilicon provides for an additional 
layer of interconnect. This allows three levels of intercon- 
nect, which are metal, polysilicon, and the N+ and P+ ion- 
implanted regions. Having these three levels helps to keep 
the die area down, since much die area is usually taken up 
by interconnection. 


When all these advantages are summed up, the result is a 
CMOS technology that produces devices as fast as the 
equivalent LSTTL device. Figure 25 illustrates a comparison 
between the MM74HCOO buffered NAND gate and the 


_ MM74C00, CD4011B, and DM74LS00 NAND gates. The 
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MM74HCO00 is about an order of magnitude faster than the 
CD4011B buffered NAND gate, and about 5 times faster 
than the unbuffered MM74C00, at 15 pF. As load capaci- 
tance increases, the speed differential between metal-gate 
and silicon-gate CMOS increases, with the MM74HCO0O op- 
erating as fast as the DM74S00 at any load capacitance. 


Summary 


Polycrystalline silicon-gate CMOS has many advantages 
over metal-gate CMOS. It is faster because on-chip parasitic 
Capacitances are reduced and transistor gains are in- 
creased. This is due mainly to a recessed field oxide and a 
self-aligned gate process. Transistor gains are increased by 
decreasing transistor lengths and threshold voltages, and 
increasing beta. Polysilicon also allows for an extra layer of 
interconnect, which helps to keep die area down. 
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FIGURE 13. initial Oxidation, Thermally Grown Silicon 
Dioxide on N— Silicon Substrate 
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FIGURE 14. ton-Implanted P— Tub in Which N-Channel 


Devices Will Be Located 
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Fpyne 15. Initial Oxide Is Stripped, Pad Oxide Is Thermally Grown, and a Layer of Sil- 


icon Nitride Is Deposited Across the Surface of the Wafer 
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FIGURE 16. Nitride Is Stripped in Areas Where Field Oxide is to be Grown. Areas Lees te 
Covered by Nitride Will Become Transistor Area 
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PAD OXIDE NITRIDE 


FIGURE 17. Field Oxide Is Thermally Grown. The Nitride 
Acts as a Barrier to Oxide Growth 
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FIGURE 18. Nitride is Stripped, Pad Oxide Is Stripped Over Transistor Areas and a 
Thin Gate Oxide Is Grown Polycrystalline Silicon Is Deposited 
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FIGURE 19. Polysilicon Layer Is Etched to Provide Gate and Interconnect Poly Areas. 
New Layer of Oxidation is Grown 
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FIGURE 20.N+ and P+ Source and Drain Regions Are lon Implanted, and the 
Reoxidation Ils Grown Thicker to Form an Insulating Layer 
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FIGURE 21. Contact Openings Are Cut in the Insulating Oxide, and a Layer of 
Metalization Is Deposited Across the Entire Wafer 
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FIGURE 22. Metal Mask Is Etched to Provide Interconnect. Vapox (SiOz) Is Deposited 
Over Entire Surface of Wafer 
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METAL, GATE 


FIGURE 23. Cross Section of Metal Gate CMOS Process 
Showing Parasitic On-Chip Capacitances 


METAL GATE VAPOX 


UM 


ha 


FIGURE 24. Cross Section of Silicon Gate CMOS Process Showing Parasitic 
On-Chip Capacitances 
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FIGURE 25. Propagation Delay vs. Load Capacitance 
for 2-Input NAND Gate 
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DC Electrical 
Characteristics 

of MM54HC/MM74HC High- 
Speed CMOS Logic 


The input and output characteristics of the MM54HC/ 
MM74HC high-speed CMOS logic family were conceived to 
meet several basic goals. These goals are to provide input 
current and voltage requirements, noise immunity and qui- 
escent power dissipation similar to CD4000 and MM54C/ 
MM74C metal-gate CMOS logic and output current drives 
similar to low power Schottky TTL. In addition, to enable 
merging of TTL and HC-CMOS designs, the MM54HCT/ 
MM74HCT sub family differs only in their input voltage re- 
quirements, which are the same as TTL, to ease interfacing 
between logic families. : 


In order to familiarize the user with the MM54HC/MM74HG 
logic family, its input and output characteristics are dis- 
cussed in this application note, as well as how these char- 
acteristics are affected by various parameters such as pow- 
er supply voltage and temperature. Also, for those users 
who have been designing with metal-gate CMOS and TTL 
logic, notable differences and features of high-speed CMOS 
are compared to those logic families. 


A Buffered CMOS Logic Family 


The MM54HC/MM74HC is a “buffered” logic family like the 
CD4000B series CMOS. Buffering CMOS logic merely de- 
notes designing the IC so that the output is taken from an 
inverting buffer stage. For example, the internal circuit im- 
plementation of a NAND gate would be a simple NAND fol- 
lowed by two inverting stages. An unbuffered gate would be 
implemented as a single stage. Both are shown in Figure 7. 
Most MSI logic devices are inherently buffered because 
they are inherently multi-stage circuits. Gates and similar 
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small circuits yield the greatest improvement in perform- 
ance by buffering. 


There are several advantages to buffering this high-speed 
CMOS family. By using a standardized buffer, the output 
characteristics for all devices are more easily made identi- 
cal. Multi-stage gates will have better noise immunity due to 
the higher gain caused by having several stages from input 
to output. Also, the output impedance of an unbuffered gate 
may change with input logic level voltage and input logic 
combination, whereas buffered outputs are unaffected by 
input conditions. 

Finally, single stage gates implemented in MM54HC/ 
MM74HC CMOS would require large transistors due to the 
large output drive requirements. These large devices would 
have a large input capacitance associated with them. This 
would affect the speed of circuits driving into an unbuffered 
gate, especially when driving large fanouts. Buffered gates 
have small input transistors and correspondingly small input 
capacitance. 


One may think that a major disadvantage of buffered circuits 
would be speed loss. It would seem that a two or three 
stage gate would be two to three times slower than a buff- 
ered one. However, internal stages are much faster than the 
output stage and the speed lost by buffering is relatively 
small. 


The one exception to buffering is the MM54HCU04/ 


_ MM74HCU04 hex inverter which is unbuffered to enable its 


use in various linear and crystal oscillator applications. 


(b) TL/F/5052-2 


FIGURE 1. Schematic Diagrams of (a) Unbuffered and 
(b) Buffered NAND Gate 
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CMOS Input Voltage Characteristics 


As mentioned before, MM54HC/MM74HC standard input 
levels are similar to metal-gate CMOS. This enables the 
high-speed logic family to enjoy the same wide noise margin 
of CD4000 and MM54C/MM74C logic. With Voc = 5V these 
input levels are 3.5V for minimum logic “1” (Viy) and 1.0V 
for a logic ‘O” (VL). The output levels when operated at 
Voc=5V+10% and worst case input levels, are specified 
to be Vcc—0.1 or 0.1V. The output levels will actually be 
within a few millivolts of either Voc or ground. 


When operated over the entire supply voltage range, the 
input logic levels are: Vj4y=0.7Vcc and Vi, =0.2Vcc. Figure 
Z illustrates the input voltage levels and the noise margin of 
these circuits over the power supply range. The shaded 
area indicates the noise margin which is the difference be- 
tween the input and output logic levels. The logic ‘'1” noise 
margin is 29% of Vcc and the logic “0” noise margin is 
19% of Voc. Also shown for comparison are the 54LS/ 
74LS input levels and noise margins over their supply range. 


These input levels are specified on individual data sheets at 
Voc = 2.0V, 4.5V, 6.0V. At 2.0V the input levels are not quite 
0.7(Vcc) and 0.2(Vcc) as at low voltages transistor turn on 
thresholds become significant. This is shown in Figure 2. 


Von = Vcc -0.1¥ 


Vin = 0.7 Veo 


Ae 


Vou = 2.7¥ 
~ Vin = 2 
wowed Vi 20.2 Veo 
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pai VuniL8) = 0.14 Voc 
Yc (U8) = 0.08 Vee 


INPUT/OUTPUT VOLIAGE (¥) 





POWER SUPPLY VOLTAGE (¥) 
TL/F/5052-3 
FIGURE 2. Worst Case Input and Output Voltages Over 
Operating Supply Range for “HC” and “LS” Logic 


The input and output logic voltages and their behavior with 
temperature variation is determined by the input to output 
transfer function of the logic circuit. Figure 3a shows the 
transfer function of the MM54HCO0/MM74HCOO NAND 
gate. As can be seen, the NAND gate has Vcc and ground 
output levels and a very sharp transition at about 2.25V. 
Thus, good noise immunity is achieved, since input noise of 
a volt or two will not appear on the output. The transition 
point is also very stable with temperature, drifting typically 
50 or so millivolts over the entire temperature range. As a 
comparison, the transfer function for a 54LS00/74LS00 is 
plotted in Figure 3b. LSTTL output transitions at about 1.1V 
and the transition region varies several hundred millivolts 
over the temperature range. Also, since the transition region 
is closer to the low logic level, less ground noise can be 
tolerated on the input. 


In typical systems, noise can be capacitively coupled to the 
signa! lines. The amount of voltage coupled by capacitively 
induced currents is dependent on the impedance of the out- 
put driving the signa! line. Thus, the lower the output imped- 
ance the lower the induced voltage. High-speed CMOS of- 
fers improved noise immunity over CD4000 in this respect 
because its output impedance is one tenth that of CD4000 
and so it is about 7 times less susceptible to capacitively 
induced current noise. 
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FIGURE 3. Input/Output Transfer Characteristics for (a) 
: *HCOO and (b) ’LS00 Nand Gate 
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The MMS54HCT/MM74HCT  sub-family of MM54HC/ 
MM74HC logic provides TTL compatible input logic voltage 
levels. This will enable TTL outputs to be guaranteed to 
correctly drive CMOS inputs. An incompatibility results be- 
cause TTL outputs are only guaranteed to pull to a 2.7V 
logic high level, which is not high enough to guarantee a 
valid CMOS logic high input. To design the entire family to 
be TTL compatible would compromise speed, input noise 
immunity and circuit size. This sub-family can be used to 
interface sub-systems implemented using TTL logic to 
CMOS sub-systems. The input level specifications of 
MM54HCT/MM74HCT circuits are the same as LSTTL. Min- 
imum input high level is 2.0V and the maximum low level is 
0.8V using a 5V+10% supply. 


A fairly simple alternative to interfacing from LSTTL is to tie 
a pull-up resistor from the TTL output to Voc, usually 
4-10 kf. This resistor will ensure that TTL will pull up to 
Vcc. (See Interfacing MM54HC/MM74HC High-Speed 
CMOS Logic application note.) 


High-Speed CMOS Input Current and Capacitance 


Both standard “HC” and TTL compatible “HCT” circuits 
maintain the ultra low input currents inherent in CMOS cir- 
cuits when CMOS levels are applied. This current is typically 
less than a nanoamp and is due to reverse leakages of the 
input protection diodes. Input currents are so smail that they 
can usually be neglected. Since CMOS inputs present es- 
sentially no load, their fanout is nearly infinite. 
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Each CMOS input has some capacitance associated with it, 
as do TTL inputs. This capacitance is typically 3-5 pF for 
MM54HC/MM74HC, and is due to package, input protection 
diode, and transistor gate capacitances. Capacitance infor- 
mation is given in the data sheets and is measured with all 
pins grounded except the test pin. This method is used be- 
cause it yields a fairly conservative result and avoids capaci- 
tance meter and power supply ground loops and decoupling 
problems. Figure 4 plots typical input capacitance versus 
input voltage for HC-CMOS logic with the device powered 
on. The small peaking at 2.2V is due to internal Miller feed- 
back capacitance effects. 


When comparing MM54HC/MM74HC input currents to TTL 
logic, 54LS/74LS does need significantly more input cur- 
rent. LSTTL requires 400 pA of current when a logic low is 
applied and 40 ,A in the high state which is significantly 
more than the worst case 1 pA leakage that MM54HC/ 
MM74HC has. 
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FIGURE 4. Input Capacitance vs. Input Voltage 
for a Typical Device 


MM54HC/MM74HC Power Supply Voltage and 
Quiescent Current 


Figure 5 compares the operating power supply range of 
high-speed CMOS to TTL and metal-gate CMOS. As can be 
seen, MM54HC/MM74HC can operate at power supply volt- 
ages from 2-6V. This range is narrower than the 3-15V 
range of CD4000 and MM54C/MM74C CMOS. The narrow- 
er range is due to the silicon-gate CMOS process employed 
which has been optimized to attain high operating frequen- 
cies at Vcc =5V. The 2-6V range is however much wider 
than the 4.5V to 5.5V range specified for TTL circuits, and 
guaranteeing operation down to 2V is useful when operating 
CMOS off batteries in portable or battery backup applica- 
tions. 


The quiescent power supply current of the high-speed 
CMOS family is very similar to CD4000 and MM54C/ 
MM74C CMOS. When CMOS circuits are not switching 
there is no current path between Vcc and ground, except 
for leakage currents which are typically much less than 
1 A. These are due to diode and transistor leakages. 
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FIGURE 5. Comparison of Supply Range for . 
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FIGURE 6. Typical Quiescent Supply Current 
Variation with Temperature 


Figure 6 illustrates how this leakage increases with temper- 
ature by plotting typical leakage current versus temperature 
for an MSI and SSI device. As a result of this temperature 
dependence, there is a set of standardized Icc specifica- 
tions which specify higher current at elevated temperatures. 
A summary of these specifications are shown in Table I. 


TABLE I. Standardized Icc Specifications for 
MM54HC/MM74HC Logic at 25°C, 85°C and 125°C at 
Voc =6.0V 


Temperature | Gates | Flip-Flops | Msi_| 


25°C 2 pA 4pA 8 pA 
40 pA 80 pA 








Output Characteristics 


One of the prime advantages of MM54HC/MM74HC over 
metal-gate CMOS (besides speed) is the output drive cur- 
rent, which is about ten times CD4000 or MM54C/MM74C 
logic. The larger output current enables high-speed CMOS 
to directly drive large fanouts of 54LS/74LS devices, and 
also enables HC-CMOS to more easily drive large capaci- 
tive loads. This improvement in output drive is due to a vari- 
ety of enhancements provided by the silicon-gate process 
used. The basic current equation for a MOSFET is: 
|= (Beta)(Width/ Length)((Vg-Vi)Vg-0.5(V4)) 

Where Vg is the transistor gate voltage, V; is the transistor 
threshold voltage, and Vg is the transistor drain voltage 
which is equivalent to the circuit output voltage. This CMOS 
process, when compared to metal-gate CMOS, has in- 
creased transistor gains, Beta, and lower threshold volt- 
ages, V+. Also, improved photolithography has reduced the 
transistor lengths, and wider transistors are also possible 
because of tighter geometries. 


Figure 7 compares the output high and low current specifi- 
cations of MM74HC, 74LS and metal-gate CMOS for stan- 
dard device outputs. High-speed CMOS has worst case out- 
put low current of 4 mA which is similar to low power 
Schottky TTL circuits, and offers symmetrical logic high and 
low currents as well. In addition, CMOS circuits whose func- 
tions make them ideal for use driving large capacitive loads 
have a larger output current of 6 mA. For example, these 
bus driver outputs are used on the octal flip-flops, latches, 
buffers, and bidirectional circuits. 


Vec=5V+10% 
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OUTPUT CURRENT 


7T4HC-CMOS 74LSTTL C0D4000 OR 
74C-CMOS 


TL/F/5052-9 
FIGURE 7. Comparison of 74HC, 74LS and CD4000/ 74C 
Output Drive Currents, lop and Io. 


Table {| summarizes the various output current specifica- 
tions for MM54HC/MM74HC CMOS along with their equiva- 
lent LSTTL fanouts. As Table II shows, the output currents 
of the MM54HC/MM74HC devices are derated from the 
MM74HC devices. The derating is caused by the decrease 
in current drive of the output transistors as temperature is 
increased. To show this, Figure 8 plots typical output source 
and sink currents against temperature for both standard and 
bus driver circuits. This variation is similar to that found in 
metal-gate CMOS, and so the same —0.3% per °C derating 
that is used to approximate temperature derating of CD4000 
and MM54C/MM74C can be applied to 54HC/74HC. As an 
example, the approximate worst case 25°C current drive 
one would expect by using the 4 mA 85°C data sheet num- 
ber would be about 4 mA at VoytT=0.26V, and this is what 
is specified in the device data sheets. 
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FIGURE 8. Typical Output (a) Source and (b) Sink 
Current Temperature for Standard and Bus Outputs 


TABLE Il. Data Sheet Output Current Specifications 
for MM54HC/MM74HC Logic 


Device Output High _ Output Low LSTTL 
Vec=4.5V Current Current Fanout 


Standard 54HC_ | 4.0 mA (VouT=3.7V) | 4.0 mA (Voyr=0.4V) 


Bus Driver 54HC | 6.0 mA (Voyt=3.7V) | 6.0 mA (Vout =0.4V) 
Standard 74HC_ | 4.0 mA (Vour=3.94) | 4.0 mA (Vour=0.33V) 





Bus 74HC 6.0 mA (Vout=3.94) | 6.0 mA (Vour=0.33V) | 15 | 
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The data sheet specifications for output current are mea- 
sured at only one output voltage for either source or sink 
current for each of three temperature ranges, room, com- 
mercial, and military. The outputs can supply much larger 
currents if larger output voltages are allowed. This is shown 
in Figures 9 and 10, which plot output current versus output 
voltage for both N-channel sink current and P-channel 
source current. Both standard and bus driver outputs are 
shown. For example, a standard output would typically sink 
20 mA with Vo, = 1V, and typically capable of a short circuit 
current of 50 mA. 
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FIGURE 9. Typical P-Channel Output Source Current vs. 
Output Voltage for (a) Standard and 
(b) Bus Outputs 


OUTPUT SINK CURRENT | 


OUTPUT VOLTAGE 
(a) : TL/F/5052-14 


The output current and voltage characteristics of a logic cir- 
cuit determine how well that circuit will switch its output 
when driving capacitive loads and transmission lines. The 
more current available, the faster the load can be switched. 
In order for HC-CMOS to achieve LSTTL performance, the 
outputs should have characteristics similar to LSTTL. This 
similarity is illustrated in Figure 17 by plotted typical LSTTL 
and HC-CMOS output characteristics together. 


As the supply voltage is decreased, the output currents will 
decrease. Figure 12a plots the output sink current versus 
power supply voltage with a 0.4V output voltage, and Figure 
12b plots output source current against power supply with 
an output voltage of Vcc —0.8V. It is interesting to note that 
MM54HC/MM74HC powered at Voc=3V, typically, will still 
drive 10 LSTTL inputs (T= 25°C). 


Absolute Maximum Ratings 


Absolute maximum ratings are a set of guidelines that de- 
fine the limits of operation for the MM54HC/MM74HC logic 
devices. To exceed these ratings could cause a device to 
malfunction and permanently damage itself. These limits 
are tabulated in Table Ill, and their reasons for existing are 
discussed below. 


The largest power supply voltage that should be applied to a 
device is 7V. If larger voltages are applied, the transistors 
will breakdown, or “punch through”. The smallest voltage 
that should be applied to a MM54HC/MM74HC circuit is 
—0.5V. If more negative voltages are applied, a substrate 
diode would become forward biased. In both cases large 
currents could flow, damaging the device. 
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FIGURE 10. Typical N-Channel Output Sink Current vs. Output Voltage 
for (a) Standard and (b) Bus Outputs 
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FIGURE 12. Output (a) Sink and (b) Source Current 
Variation with Power Supply 


High-speed CMOS inputs should not have DC voltages ap- 
plied to them that exceed Vcc or go below ground by more 
than 1.5V. To do so would forward bias input protection 
diodes excessive currents which may damage them. In ac- 
tuality the diodes are specified to withstand 20 mA current. 
Thus the input voltage can exceed 1.5V if the designer limits 
his input current to less than 20 mA. The output voltages 
should be restricted to no less than —0.5V and no greater 
than Voc +0.5V, or the current must be limited to 20 mA. 
The same limitations on the input diodes apply to the out- 
puts as well. This includes both standard and TRI-STATE® 
outputs. These are DC current restrictions. In normal high 
speed systems, line ringing and power supply spiking una- 
voidably cause the inputs or outputs to glitch above these 
limits. This will not damage these diodes or internal circuitry. 
The diodes have been specifically designed to withstand 
momentary transient currents that would normally occur in 
high speed systems. 















lout DC Current, Per Output Pin 





TABLE Ill. Absolute Maximum Ratings for 
MM54HC/MM74HC CMOS Logic 


| Symbol | Parameter | Value | Unit | 


DC Vcc or Ground Current 


Input or Output Diode Current 


Additionally, there is a maximum rating on the DC output or 
supply currents as shown in Table 3. This is a restriction 
dictated by the current capability of the integrated circuit 
metal traces. Again this is a DC specification and it is ex- 
pected that during switching transients the output and sup- 
ply currents could exceed these specifications by several 
times these numbers. 


For most CD4000 and MM54C/MM74C CMOS operating at 
Vcc = 5V, the designer does not need to worry about exces- 
sive output currents, since the output transistors usually 
cannot source or sink enough current to stress the metal or 
dissipate excessive amounts of power. The high-speed 
CMOS devices do have much improved output characteris- 
tics, so care should be exercised to ensure that they do not 
draw excessive currents for long durations, i.e., greater than 
0.1 seconds. It is also important to ensure that internal dissi- 
pation of a circuit does not exceed the package power dissi- 
pation. This will usually only occur when driving large cur- 
rents into small resistive loads. 
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MM54HC/MM74HC Input Protection 


As with any circuits designed with MOS transistors “HC” 
logic must be protected against damage due to excessive 
electrostatic discharges, which can sometimes occur during 
handling and assembly procedures. If no protection were 
provided, large static voltages appearing across any two 
pins of a MOS IC could cause damage. However, the new 
input protection which takes full advantage of the “HC” sili- 
con-gate process has been carefully designed to reduce the 
susceptibility of these high-speed CMOS circuits to oxide 
rupture due to large static voltages. In conjunction with the 
input protection, the output parasitic diodes also protect the 
circuit from large static voltages occuring between any in- 
put, output, or supply pin. 

Figure 13 shows a schematic of the input protection net- 
work employed. The network consists of three elements: a 
poly-silicon resistor, a diode connected to Vcc, and a dis- 
tributed diode-resistor connected to ground. This high- 
speed process utilizes the poly resistor to more effectively 
isolate the input diodes than the diode-resistor used in met- 
al-gate CMOS. This resistor will slow down incoming tran- 
sients and dissipate some of their energy. Connected to the 
resistor are the two diodes which clamp the input spike and 


POLY- 
SILICON 
RESISTOR 


DIFFUSED 
DIODE 
RESISTOR 


prevent large voltages from appearing across the transistor. 
These diodes are larger than those used in metal-gate 
CMOS to enable greater current shunting and make them 
less susceptible to damage. The input network is ringed 
by Vcc and ground diffusions, which prevent substrate 
currents caused by these transients from affecting other 
circuitry. 

The parasitic output diodes (Figure 13) that isolate the out- 
put transistor drains from the substrate are also important in 
preventing damage. They clamp large voltages that appear 
across the output pins. These diodes are also ringed by Voc 
and ground diffusions to again shunt substrate currents, 
preventing damage to other parts of the circuit. 


Summary 

The MM54HC/MM74HC, because of many process en- 
hancements, does provide a combination of features from 
54LS/74LS and metal-gate CMOS logic families. High- 
speed CMOS gives the designer increased flexibility in pow- 
er supply range over LSTTL, much larger output drive than 
CMOS has previously had, wider noise immunity than 54LS/ 
74LS, and low CMOS power consumption. 
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FIGURE 13. Schematic Diagram of Input and Output Protection Structures 
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Interfacing to MM54HC/ 
MM74HC High-Speed CMOS 
Logic 


On many occasions it might be necessary to interface 
MM54HC/MM74HC logic to other types of logic or to some 
other control circuitry. HC-CMOS can easily be interfaced to 
any other logic family including 54LS/74LS TTL, MM54C/ 
MM74C, CD4000 CMOS and 10,000 ECL logic. Logic inter- 
facing can be sub-divided into two basic categories: inter- 
facing circuitry operating at the same supply voltage and 
interfacing to circuitry operating on a different voltage. In the 
latter case, some logic level translation is usually required, 
but many easily available circuits simplify this task. Usually, 
both instances require little or no external circuitry. 


Interfacing Between TTL and MM54HC/MM74HC Logic 


This high-speed CMOS family can operate from 2-6V, how- 
ever, in most applications which interface to TTL, both logic 
families will probably operate off the same 5V TTL supply. 
The interconnection can be broken down into two cate- 
gories: TTL outputs driving CMOS inputs, and CMOS out- 
puts driving TTL inputs. In both cases the interface is very 
simple. 

In the first case, TTL driving HC, there are some minor dif- 
ferences in TTL specifications for totem-pole outputs and 
high-speed CMOS input specifications. The TTL output low 
level is completely compatible with the MM54HC/MM74HC 
input low, but TTL outputs are specified to have an output 
high level of 2.4V (2.7V for LSTTL). High-speed CMOS’s 


OUTPUT 


(a) 


National Semiconductor 
Application Note 314 
Larry Wakeman 


logic “1” input level is 3.5V (Vcc = 5.0V), so TTL is not guar- 
anteed to pull a valid CMOS logic ‘‘1” level. If the TTL circuit 
is only driving CMOS, its output voltage is usually about 
3.5V. HC-CMOS typically recognizes levels greater than 3V 
as a logic high, so in most instances TTL can drive 
MM74HC/MMS54HC. 


To see why TTL does not pull up further, Figure 7a shows a 
typical standard TTL gate’s output schematic. As the output 
pulls up, it can go no higher than two diode voltage drops 
below Vcc due to Q2 and D2. So when operating with a 5V 
supply, the TTL output cannot go much higher than about 
3.5V. Figure 1b shows an LSTTL gate, which has an output 
structure formed by Q2 and Q4. As the LSTTL output goes 
high, these two transistors cannot pull higher than two base- 
emitter voltage drops below Vcc, and, as above, the output 
cannot go much higher than 3.5V. If the output of either the 
LSTTL or TTL gate is loaded or the off sink transistor has 
some collector leakages, the output voltage will be lower. 
Many LSTTL and ALSTTL circuits take R2 of Figure 2b and 
instead of connecting it to ground, it is connected to the 
output. This enables the TTL output to go to 4.3V 
(Vcc=5.0V) which is more than adequate to drive CMOS. A 
simple measurement of open circuit Voy can verify this cir- 
cuit configuration. 


OUTPUT 
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FIGURE 1. Schematic Diagrams for Typical (a) Standard and 
(b) Low Power Schottky TTL Outputs 
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Since LSTTL specifications guarantee a 2.7V output high 
level instead of a 3.5V output high, when designing to the 
worst case characteristics greater compatibility is some- 
times desired. One solution to increase compatibility is to 
raise the output high level on the TTL output by placing a 
pull-up resistor from the TTL output to Vcc, as shown in 
Figure 2. When the output pulls up, the resistor pulls the 
voltage very close to Vcc. The value of the resistor should 
be chosen based on the LSTTL and CMOS fanout of the LS 
gate. Figure 3 shows the range of pull-up resistors values 
versus LS fanout that can be used. For example, if an 
LSTTL device is driving only CMOS circuits, the resistor val- 
ue is chosen from the left axis which corresponds to a zero 
LSTTL fanout. 


A second solution is to use one of the many MM54HCT/ 
MM74HCT TTL input compatible devices. These circuits 
have a specially designed input circuit that is compatible 
with TTL logic levels. Their input high level is specified at 
2.0V and their input low is 0.8V with Vcc=5.0V+10%. 
Thus LS can be directly connected to HC logic and the extra 
pull-up resistors can be eliminated. The direct interconnec- 
tion of the TTL to CMOS translators is shown in Figure 4. 


If TTL open collector outputs with a pull-up resistor are driv- 
ing MM54HC/MM74HC logic, there is no interface circuitry 
needed as the external pull-up will pull the output to a high 
level very close to Voc. The value of this pull-up for LS 
gates has the same constraints as the totem-pole outputs 
and its value can be chosen from Figure 2 as well. The 
special TTL to CMOS buffers may also be used in this case, 
but they are not necessary. 
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FIGURE 3. Range of Pull-Up Resistors for Low 
Power Schottkey TTL to CMOS Interface 


When MM54HC/MM74HC outputs are driving TTL inputs, 
as shown in Figure 5, there is no incompatibility. Both the 
high and low output voltages are compatible with TTL. The 
only restriction in high-speed CMOS driving TTL is the same 
fanout restrictions that apply when TTL is driving TTL. 
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FIGURE 2. Interfacing LSTTL Outputs to Standard 
CMOS Inputs Using a Pull-Up Resistor 
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FIGURE 4. LSTTL Outputs Directly Drives MM54HCT/MM74HCT Logic 
Directly Which Can Interface to MM54HC/MM74HC 
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FIGURE 5. High-Speed CMOS Can Directly Connect Up 
to LSTTL Within its Fanout Restrictions 
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High-speed CMOS has much improved output drive com- 
pared to CD4000 and MM54C/MM74C metal-gate CMOS 
logic. Figure 6 tabulates the fanout capabilities for this fami- 
ly. MM54HC/MM74HC standard outputs have a fanout ca- 
pability of driving 10 LSTTL equivalent load and MM74HC 
bus driver outputs can drive up to 15 LSTTL inputs. It is 
unlikely that greater fanouts will be necessary, but several 
gates can be paralleled to increase output drive. 


MM54HC/MM74HC and NMOS/HMOS Interconnection 


With the introduction of CMOS circuits that are speed-equiv- 
alent to LSTTL, these fast CMOS devices will replace much 
of the bipolar support logic for many NMOS and HMOS mi- 
croprocessor and LSI circuits. As a group, there is no real 
standard set of input and output specifications, but most 
NMOS circuits conform to TTL logic input and output logic 
level specifications. 


NMOS outputs will typically pull close to Vcc. As with 
LSTTL, standard MM54HC/MM74HC CMOS inputs will 
typically accept NMOS outputs directly. However, to 
improve compatibility the MM54HCT/MM74HCT series of 
TTL compatible circuits may be used. These devices are 
particularly useful in microprocessor systems, since many 
of the octal devices are bus oriented and have pin-outs 
with inputs and outputs on opposite sides of the package. 
As with LSTTL, a second solution is to add a pull-up 
resistor between the NMOS output and Vcc. Both methods 
are shown in Figure 7. 


MM54HC/MM74HC outputs can directly drive NMOS in- 
puts. In fact, this situation is the same as if high-speed 
CMOS was driving itself. NMOS circuits have near zero in- 
put current and usually have input voltage levels that are 
TTL compatible. Thus MM54HC/MM74HC needs no addi- 
tional circuitry to drive NMOS and there is also virtually no 
DC fanout restriction. 


Interfacing High-Speed CMOS to MM54C/MM74C, 
CD4000 and CMOS-LS! 


MM54HC/MM74HC CMOS and metal-gate CMOS logic in- 
terconnection is trivial. When both families are operated for 


the same power supply, no interface circuitry is needed. 
MM54HC/MM74HC, CD4000 and MM54C/MM74C logic 
families are completely input and output logic level compati- 
ble. Since both families have very low input currents, there 
is essentially no fanout limitations for either family. 


The same input and output compatibility of the HC-CMOS 
makes it also ideal for use interfacing to CMOS-LSI circuits. 
For example, MM54HC/MM74HC can be directly connect- 
ed to the NSC800, and 80C48 microprocessors and other 
microCMOS products, as well as CMOS telecommunica- 
tions products. 


MM54HC/MM74HC to ECL Interconnection 


There may be some instances where an ECL logic system 
must be connected to high-speed CMOS logic. There are 
several possible methods to interconnect these families. 
Figure 8 shows one method which uses the 10125/10525 
ECL to TTL interface circuit to go from ECL to HC-CMOS 
logic and the 10124/10524 to connect CMOS outputs to 
ECL inputs. These devices allow the CMOS to operate with 
Voc = 5V while the ECL circuitry uses a —5.2V supply. 


An alternate approach would be to operate the CMOS from 
the —5.2V ECL supply as shown in Figure 9. Thus CMOS 
outputs could be directly connected to ECL inputs. 


Logic Interfaces Requiring Level Translation 


There are many instances when interfacing from one logic 
family to another that the other logic family will be operating 
from a different power supply voltage. If this is the case, a 
level translation must be accomplished. There are many dif- 
ferent permutations of up and down level conversions that 
may be required. A few of the more likely ones are dis- 
cussed here. , 


HC-CMOS Equivalent LSTTL ALS-TTL 


Fanouts 


| typ | min | typ | min | typ | Min | Typ | 
Standard Output 
MM54HC/MM74HC 4 40 
Bus Driver Output 
MM54HC/MM74HC 15 30 4 


FIGURE 6. Equivalent Fanout Capabilities of 
High-Speed CMOS Logic 
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FIGURE 7. Improved Compatibility NMOS to CMOS Connection Using 
(a) TTL Input Compatible Devices or (b) External Pull-Up Resistors 
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FIGURE 8. MM54HC/MM74HC to ECL and ECL to HC-CMOS Interface 
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FIGURE 9. HC-CMOS Driving ECL Logic from Same Power Supply 
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If MM54HC/MM74HC is operated in a battery back up appli- TTL output levels are compatible with CMOS inputs, as 
cation for a TTL system, high-speed CMOS may be operat- shown in Figure 10. When high-speed CMOS is operated at 
ed at Vcc = 2-3V and can be connected to 5V TTL. CMOS 2V, the TTL outputs will exceed the CMOS power supply 
operating at 3V can be directly connected to TTL since its and the CMOS outputs will just barely pull high enough to 
input and output levels are compatible with TTL, and the drive TTL, so some level translation will be necessary. 
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FIGURE 10. When HC-CMOS Is Operating At Vec=3V | 
No Logic Level Conversion Circuitry ls Needed 
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CD4000 and MM54C/MM74C metal-gate CMOS logic can 
be operated over a wider supply range that MM54HC/ 
MM74HC, and because of this there will be instances when 
metal-gate CMOS and HC-CMOS will be operated off differ- 
ent supply voltages. Usually 9V to 15V CD4000 logic levels 


Voc =9~-15V 
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will have to be down converted to 5V high-speed CMOS 
levels. Figure 77 shows several possible down conversion 
techniques using either a CD4049, CD4050, MM54HC4049, 
MM54HC4050, or MM54C906. 
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FIGURE 11. CD4000 or 74C Series CMOS to HC-CMOS Connection with Logic 
Level Conversion Using (a) Special Down Converters or (b) Open Drain CMOS 
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Since CMOS has a high input impedance, another possibili- Up conversion from MM54HC/MM74HC to metal-gate 
ty is to use a resistor voltage divider for down level conver- CMOS can be accomplished as shown in Figure 13. Here an 
sion as shown in Figure 12. Voltage dividers will, however, MM54C906 open drain buffer with a pull-up resistor tied to 
dissipate some power. the larger power supply is used. 
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FIGURE 12. CMOS to “HC” CMOS Logic Level Translation 


Using Resistor Divider 
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FIGURE 13. HC-CMOS to CD4000 or 74C Series CMOS Connection with 
Logic Level Conversion Using an Open Drain CMOS Circuit 
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LOGIC 


High Voltage and Industrial Control Interfaces 


On occasion, interfacing to industrial and automotive control 
systems may be necessary. If these systems operate within 
the metal-gate CMOS supply range, interfacing MM54HC/ 
MM74HC to them is similar to interfacing to CD4000 operat- 
ing at a higher supply. In rugged industrial environments, 
care may be required to ensure that large transients do not 
harm the CMOS logic. Figure 14 shows a typical connection 


to a high voltage system using diode clamps for input and | 


output protection. 


The higher drive of HC-CMOS can enable direct connection 
to relay circuits, but additional isolation is recommended. 
Clamp diodes should again be used to prevent spikes gen- 
erated by the relay from harming the CMOS device. For 
higher current drive an external transistor may be used to 
interface to high-speed CMOS. Both of these are shown in 
Figure 15. Also, the higher drive enables easy connection to 
SCR’s and other power control semiconductors as shown in 
Figure 16. 


Conclusion 


Interfacing between different logic families is not at all diffi- 
cult. In most instances, when no logic level translation be- 
tween is done, no external circuitry is needed to intercon- 
nect logic families. Even though the wide supply range of 
MM54C/MM74C and CD4000 creates many possible logic 
level conversion interface situations, most are easily han- 
died by employing a minimum of extra circuitry. Additionally, 
several special interface devices also simplify logic level 
conversion. 
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FIGURE 15. Interfacing MM54HC/MM74HC to Relays 
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FIGURE 16. MM54HC/MM74HC Driving an SCR 





AC Characteristics of 
MM54HC/MM74HC 
High-Speed CMOS 


When deciding what circuits to use for a design, speed is 
most often a very important criteria. MM54HC/MM74HC is 
intended to offer the same basic speed performance as low 
power Schottky TTL while giving the designer the low power 
and high noise immunity characteristics of CMOS. In other 
words, HC-CMOS is about ten times faster than CD4000 
and MM54C/MM74C metal-gate CMOS logic. Even though 
HC-CMOS logic does have speeds similar to LSTTL, there 
are some differences in how this family’s speeds are speci- 
fied, and how various parameters affect circuit performance. 


To give the designer an idea of the expected performance, 
this discussion will include how the AC characteristics of 
high-speed CMOS are specified. This logic family has been 
specified so that in the majority of applications, the specifi- 
cations can be directly applied to the design. Since it is 
impossible to specify a device under all possible situations, 
performance variations with power supply, loading and tem- 
perature are discussed, and several easy methods for de- 
termining propagation delays in nearly any situation are also 
described. Finally, it is useful to compare the performance 
of HC-CMOS to 54LS/74LS and to CD4000. 


Data Sheet Specifications 


Even though the speeds achieved by this high-speed CMOS 
family are similar to LSTTL, the input, output and power 
supply characteristics are very similar to metal-gate CMOS. 
Because of this, the actual measurements for various timing 
parameters are not done the same way as TTL. The 
MM54HCT/MM74HCT TTL input compatible circuits are an 
exception. 


Standard HC-CMOS AC specifications are measured at 
Voc=2.0V, 4.5V, 6.0V for room, military and commercial 
temperature ranges. Also HC is specified with LS equivalent 
supply (5.0V) and load conditions to enable proper compari- 
son to low power Schottkey TTL. Input signal levels are 
ground to Vcc with rise and fall times of 6 ns (10% to 90%). 
Since standard CMOS logic has a logic trip point at about 
mid-supply, and the outputs will transition from ground to 
Vcc, timing measurements are made from the 50% points 
on input and output waveforms. This is shown in Figure 7. 
Using the mid-supply point gives a more accurate represen- 
tation of how high-speed CMOS will perform in a CMOS 
system. This is different from the 1.3V measurement point 
and ground to 3V input waveforms that are used to measure 
TTL timing. 

This output loading used for data sheet specifications fall 
into two categories, depending on the output drive capability 
of the specific device. The output drive categories are stan- 
dard outputs (I9,=4 mA) and bus driver outputs 
(loL=6 mA). Timing measurements for standard outputs 
are made using a 50 pF load. Bus driver circuits are mea- 
sured using both a 50 pF and 150 pF load. In all AC tests, 
the test load capacitance includes all stray and test jig ca- 
pacitances. 


TRI-STATE® measurements where the outputs go from an 
active output level to a high impedance state, are made 
using the same input waveforms described above, but the 
timing is measured to the 10% or 90% points on the output 
waveforms. The test circuit load is composed of a 50 pF 
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capacitor and a 1 kN resistor. To test tpyz, the resistor is 
swiched to ground, and for tp,z it is switched to Voc. The 
TRI-STATE test circuit and typical timing waveforms are 
shown in Figure 2. 


Measurements, where the output goes from the high imped- 
ance state to active output, are the same except that mea- 
surements are made to the 50% points and for bus driver 
devices both 50 pF and 150 pF capacitors are used. 
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TL/F/5087-3 
(c) 
FIGURE 1. Typical Timing Waveform for (a) Propagation 
Delays, and (b) Clocked Delays. Also Test 
Circuit (c) for These Waveforms (t, = t;=6 ns) 
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OUTPUT 


OUTPUT 


TL/F/5067-4 


_ CL=50pF, RL=1kQ 
= (CL =150pF ALSO FOR tpz_, tpzH) 
TL/F/5067~5 


(b) 


FIGURE 2. Typical TRI-STATE (a) Timing Waveforms 
and (b) Test Circuit for 54HC/74HC Devices 


Note: Some early data sheets used a different test circuit. This has been 
changed or will be changed. 


The MM54HCT/MM74HCT TTL input compatible devices 
are intended to operate with TTL devices, and so it makes 
sense to specify them the same way as TTL. Thus, as 
shown in Figure 3, typical timing input waveforms use 0-3V 
levels and timing measurements are made from the 1.3V 
levels on these signals. The test circuits used are the same 
as standard HC input circuits. This is shown in Figure 3. 
These measurements are compatible with TTL type speci- 
fied devices. 


Specifying standard MM54HC/MM74HC speeds using 2.5V 
input measurement levels does represent a specification in- 
compatibility between TTL and most RAM/ROM and micro- 
processor speed specifications. It should not, however, 
present a design problem. The timing difference that results 
from using different measurement points is the time it takes 
for an output to make the extra excursion from 1.3V to 2.5V. 
Thus, for a standard high-speed CMOS output, the extra 
transition time should result, worst case, in less than a 2 ns 
increase in the circuit delay measurement for a 50 pF load. 
Thus in speed critical designs adding 1-2 ns safely enables 
proper design of HC into the TTL level systems. 


Power Supply Affect on AC Performance 


The overall power supply range of MM54HC/MM74#C logic 
is not as wide as CD4000 series CMOS due to performance 
optimization for 5V operation; however, this family can oper- 
ate over a 2-6V range which does enable some versatility, 
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FIGURE 3. Typical Timing Waveforms for (a) 
Propagation Delays, and (b) Clocked Delays for 54HCT/ 
74HCT Devices (t; = t-=6 ns) 


especially when battery operated. Like metal-gate CMOS, 
lowering the power supply voltage will result in increased 
circuit delays. Some typical delays are shown in Figure 4. As 
the supply voltage is decreased from 5V to 2V, propagation 
delays increase by about two to three times, and when the 
voltage is increased to 6V, the delays decrease by 10-15%. 


Ta=25°C 


PROPAGATION DELAY—ns 





POWER SUPPLY VOLTAGE 


TL/F/5067-8 
FIGURE 4. Typical Propagation Delay Variations of 
74HCO00, 74HC139, 74HC174 with Power Supply 





In some designs it may be important to calculate the expect- 
ed propagation delays for a specific situation not covered in 
the data sheet. This can easily be accomplished by using 
the normalized curve of Figure 5 which plots propagation 
delay variation constant, t(V), versus power supply voltage 
normalized to 4.5V and 5V operation. This constant, when 
used with the following equation and the data sheet 5.0V 
specifications, yields the required delay at any power 
supply. 

tpp(V) = [t(V)] [tpp(5V)] 1.0 
Where tpp(5V) is the data sheet delay and tpp(V) is the 
resultant delay at the desired supply voltage. 
This curve can also be used for the Vcc=4.5V specifica- 
tions. 
For example, to calculate the typical delay of the 74HCOO at 
Voc =6V, the data sheet typical of 9 ns (15 pF load) is used. 
From Figure 5 t(V) is 0.9, so the 6V delay would be 8 ns. 


NORMALIZED PROPAGATION DELAY VARIATION—t(V) 


POWER SUPPLY VOLTAGE 
TL/F/5067-9 


FIGURE 5. MM54HCMM74HC Propagation Delay 
Variation Vs. Power Supply Normalized to 
Voc = 4.5V, and Vcc =5.0V 


Speed Variation with Capacitive Loading 


When high-speed CMOS is designed into a CMOS system, 
the load on a given output is essentially capacitive, and is 
the sum of the individual input capacitances, TRI-STATE 
output capacitances, and parasitic wiring capacitances. As 
the load is increased, the propagation delay increases. The 
rate of increase in delay for a particular device is due to the 
increased charge/discharge time of the output and the load. 
The rate at which the delay changes is dependent on the 
output impedance of the MM54HC/MM74HC circuit. As 
mentioned, for high-speed CMOS, there are two output 
structures: bus driver and standard. 


Figure 6 plots some typical propagation delay variations 
against load capacitance. To calculate under a particular 
load condition what the propagation delay of a circuit is, one 
need only know what the rate of change of the propagation 
delay with the load capacitance and use this number to ex- 
trapolate the delay from the data sheet vaue to the desired 
value. Figure 7 plots this constant, t(C), against power sup- 
ply voltage variation. Thus, by expanding on equation 1.0, 
the propagation delay at any load and power supply can be 
calculated using: 


tpp(C,V) = [t(C) (CL — 15 pF)] + [tpp(5v) (vy) 1.1 
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Where t(V) is the propagation delay variation with power 
supply constant, tpp(5V) is the data sheet 4.5V (use 
(C_— =50 pF) in equation) or 5V delay, Cy is the load ca- 
pacitance and tpp(C,V) is the resultant propagation delay at 
the desired load and supply. This equation’s first term is the 
difference in propagation delay from the desired load and 
the data sheet specification load. The second term is es- 
sentially equation 1.0. If the delay is to be calculated at 
Vec=5V, then t(V)=1 and t(C)= 0.042 ns/pF (standard 
output), 0.028 ns/pF (bus output). 


Using the previous 74HCOO example, the delay at Voc = 6V 
and a 100 pF load is: 


tpp(100 pF,6V) = (0.042)(100—15) +(0.9 X 9)=11 ns 


PROPAGATION DELAY—ns 


LOAD CAPACITANCE—pF 

TL/F/5067~10 

FIGURE 6. Typical Propagation Delay Variation 

With Load Capacitance for 74HC04, 74HC 164, 
74HC240, 74HC374 


CAPACITIVE DELAY VARIATION CONSTANT, t(C)—ns/pF 


POWER SUPPLY VOLTAGE 

TL/F/5067—-11 
FIGURE 7. Propagation Delay Capacitance Variation 
Constant Vs. Power Supply 


Speed Variations with Change 
in Temperature 


Changes in temperature will cause some change in speed. 
As with CD4000 and other metal-gate CMOS logic parts, 
MM54HC/MM74HC operates slightly slower at elevated 
temperatures, and somewhat faster at lower temperatures. 
The mechanism which causes this variation is the same as 
that which causes variations in metal-gate CMOS. This 
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factor is carrier mobility, which decreases with increase in 
temperature, and this causes a decrease in overall transis- 
tor gain which has a corresponding affect on speed. 


Figure 8 shows some typical temperature-delay variations 
for some high-speed CMOS circuits. As can be seen, 
speeds derate fairly linearly from 25°C at about —0.3%/C. 
Thus, 125°C propagation delays will be increased about 
30% from 25°C. 54HC/74HC speeds are specified at room 
temperature, — 40 to 85°C (commercial temperature range), 
and —55 to 125°C (military range). In virtually all cases the 
numbers given are for the highest temperature. 


To calculate the expected device speeds at any tempera- 
ture, not specified in the device data sheet, the following 
equation can be used: 
tpp(T)=[1 + ((T-25)(0.003))] [tpp(25)] 1.2 

Where tpp(T) is the delay at the desired temperature, and 
tpp(25) is the room temperature delay. Using the 74HC00 
example from the previous section, the expected increase in 
propagation delay when operated at Voc=5V and 85°C is 
[1 + (85—25)(0.003)](10 ns)] =12 ns. The expected delay at 
some other supply can also be calculated by calculating the 
room temperature delay then calculating the delay at the 
desired temperature. 


74HC390 


ani 
C4 


PROPAGATION DELAY—ns 
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TEMPERATURE—°C 
TL/F/5067-12 
FIGURE 8. Typical Propagation Delay Variation 
With Temperature for 54HC02, 54HC390, 
54HC139, 54HC151 


Output Rise and Fall, Setup and Hold Times 
and Pulse Width Performance Variations 


So far, the previous discussion has been restricted to propa- 
gation delay variations, and in most instances, this is the 
most important parameter to know. Output rise and fall 
times may also be important. Unlike TTL type logic families 
HC specifies these in the data sheet. High-speed CMOS 
outputs were designed to have typically symmetrical rise 
and fall times. Output rise and fall time variations track very 
closely the propagation delay variations over temperature 
and supply. Figure 9 plots rise and fall time against output 
load at Voc= 5V and at room temperature. Load variation of 
the transition time is twice the delay variation because de- 
lays are measured at halfway points on the waveform tran- 
sition. 

Setup times and pulse width performance under different 
conditions may be necessary when using clocked logic cir- 
cuits. These parameters are indirect measurements of in- 


ternal propagation delays. Thus they exhibit the similar tem- 
perature and supply dependence as propagation delays. 
They are, however, independent of output load conditions. 


Vcc =5V 
Ta=25°C 
of 
/ | BUS DRIVER 


OUTPUT RISE OR FALL TIME—ns 


OUTPUT LOAD CAPACITANCE—oF 
TL/F/5067-13 
FIGURE 9. Typical Output Rise or Fall Time Vs. Load For 
Standard and Bus Driver Outputs 


Input Rise and Fall Times 


Another speed consideration, though not directly related to 
propagation delays, is input rise and fall time. As with other 
high-speed logic families and also CD4000B and 54C/74C 
CMOS, slow input rise and fall times on input signals can 
cause logic problems. 


Typically, small signal gains for a MM54HC/MM74HC gate 
is greater than 1000 and, if input signals spend appreciable 
time between logic states, noise on the input or power sup- 
ply will cause the output to oscillate during this transition. 
This oscillation could cause logic errors in the user’s circuit 
as well as dissipate extra power unnecessarily. For this rea- 
son MM54HC/MM74HC data sheets recommend that input 
rise and fall times be shorter than 500 ns at Vcc =4.5V. 


Flip-flops and other clocked circuits also should have their 
input rise and fall times faster than 500 ns at Voc =4.5V. If 
clock input rise and fall times become too long, system 
noise can generate internal oscillations, causing the internal 
flip-flops to toggle on the wrong external clock edge. Even if 
no noise were present, internal clock skew caused by slow 
rise times could cause the logic to malfunction. 


If long rise and fall times are unavoidable, Schmitt triggers 
((HC14/’HC132) or other special devices that employ 
Schmitt trigger circuits should be used to speed up these 
input signals. 


Logic Family Performance Comparison 


To obtain a better feeling of how high-speed CMOS com- 
pares to bipolar and other CMOS logic families, Figure 10 
plots MM54HC/MM74HC, 54LS/74LS and CD4000B logic 
device speeds versus output loading. HC-CMOS propaga- 
tion delay and delay variation with load is nearly the same 
as LSTTL and about ten times faster than metal-gate 
CMOS. Utilizing a silicon-gate process enables achievement 
of LSTTL speeds, and the large output drive of this family 
enables the variation with loading to be nearly the same as 
LSTTL as well. 


When comparing to CD4000 operating at 5V, HC-CMOS is 
typically ten times faster, and about three times faster than 
CD4000 logic operating at 15V. This is shown in Figure 17. 
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FIGURE 10. Comparison of LSTTL 
and High-Speed CMOS Delays 


At 5V CD4000 has about a tenth the output drive of 
MM54HC/MM74HC and as seen in Figure 70, the capaci- 
tive delay variation is much larger. 


As shown in Figure 12, the temperature variation of HC- 
CMOS is similar to CD4000. This is due to the same physi- 
cal phenomenon in both families. The 54LS/74LS logic fam- 
ily has a very different temperature variation, which is due to 
different circuit parameter variations. One advantage to 
CMOS is that its temperature variation is predictable, but 
with LSTTL, sometimes the speed increases and other 
times speed decreases with temperature. 


The inherent symmetry of MM54HC/MM74HC’s logic levels 
and rise and fall times tends to make high to low and low to 
high propagation delay very similar, thus making these parts 
easy to use. 
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FIGURE 11. Comparison of Metal-Gate CMOS and 
High-Speed CMOS Delays 
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FIGURE 12. Comparison of HC-CMOS, Metal-Gate 
CMOS, and LSTTL Propagation Delay Vs. Temperature 


Conclusion 

High-speed CMOS circuits are speed compatible with 
54LS/74LS circuits, not only on the data sheets, but even 
driving different loads. In general, HC-CMOS provides a 
large improvement in performance over older metal-gate 
CMOS. 

By using some of the equations and curves detailed here, 
along with data sheet specifications, the designer can very 
closely estimate the performance of any MM54HC/ 
MM74HC device. Even though the above examples illus- 
trate typical performance calculations, a more conservative 
design can be implemented by more conservatively estimat- 
ing various constants and using worst case data sheet lim- 
its. It is also possible to estimate the fastest propagation 
delays by using speeds about 0.4-0.7 times the data sheet 
typicals and aggressively estimating the various constants. 
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Comparison of 
MM54HC/MM74HC to 
54LS/74LS, 54S/74S and 
54ALS/74ALS Logic 


The MM54HC/MM74HC family of high speed logic compo- 
nents provides a combination of speed and power charac- 
teristics that is not duplicated by bipolar logic families or any 
other CMOS family. This CMOS family has operating 
speeds similar to low power Schottky (54LS/74LS) technol- 
ogy. MM54HC/MM74HC is approximately half as fast (de- 
lays are twice as long) as the 54ALS/74ALS and 54S/74S 
logic. Compared to CD4000 and 54C/74C, this is an order 
of magnitude improvement in speed, which is achieved by 
utilizing an advanced 3.5 micron silicon gate-recessed oxide 
CMOS process. The MM54HC/MM74HC components are 
designed to retain all the advantages of older metal gate 
CMOS, plus provide the speeds required by today’s high 
speed systems. 


Another key advantage of the MM54HC/MM74HC family is 
that it provides the functions and pin outs of the popular 
54LS/74LS series logic components. Many functions which 
are unique to the CD4000 meta! gate CMOS family have 
also been implemented in this high speed technology. In 
addition, the MM54HC/MM74HC family contains several 
special functions not previously implemented in CD4000 or 
54LS/74LS. 

Although the functions and the speeds are the same as 
54LS/74LS, some of the electrical characteristics are differ- 
ent from either LS-TTL, S-TTL or ALS-TTL. The following 
discusses these differences and highlights the advantages 
and disadvantages of high speed CMOS. 


AC PERFORMANCE 


As mentioned previously, the MM54HC/MM74HC logic fam- 
ily has been designed to have speeds equivalent to LS-TTL, 
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and to be 8-10 times faster than CD4000B and MM54C/ 
MM74C logic. Table | compares high speed CMOS to the 
bipolar logic families. HC-CMOS gate delays are typically 
the same as LS-TTL, and ALS-TTL is two to three times 
faster. S-TTL is also about twice as fast as HC-CMOS. Flip- 
flop and counter speeds also follow the same pattern. 


Also, HC logic’s propagation delay variation due to changes 
in capacitive loading is very similar to LS-TTL. Figure 7 illus- 
trates this by plotting delay versus loading for the various 
bipolar logic families and MM54HC/MM74HC. HC-CMOS 
has virtually the same speed and load-delay variation as 
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FIGURE 1. HC, LS, ALS, S Comparison of Propagation 
Delay vs Load for a NAND Gate 


TABLE I. Comparison of Typical AC Performance of LS-TTL, S-TTL, ALS-TTL and HC-CMOS 
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LS-TTL and, as is expected, is slower than ALS and S-TTL 
logic. The slopes of these lines indicate the amount of varia- 
tion in speed with loading, and are dependent on the output 
impedance of the particular logic gate. The delay variation 
of LS-TTL and HC-CMOS is similar whereas ALS-TTL and 
S-TTL have slightly less variation. 


POWER DISSIPATION 


CD4000B and MM54C/MM74C CMOS devices are well 
known for extremely low quiescent power dissipation, and 
high speed CMOS retains this feature. Table || compares 
typical HC static power consumption with LS, ALS and S- 
TTL. Even CMOS MSI dissipation is well below 1 »W while 
LS-TTL dissipation is many milliwatts. This makes 
MM54HC/MM74EC ideal for battery operated or ultra-low 
power systems where the system may be put to “sleep” by 
shutting off the system clock. 


TABLE II. Comparison of Typical Quiescent 
Supply Current for Various Logic Families 


| Ho-cmos | us-rre | atserr | S17 
jwsi_ | o25nw | somw | 4omw | 470 mw 


CMOS dissipation increases proportionately with operating 
frequency. Doubling the operating frequency doubles the 
current consumption. This is due to currents generated by 
charging internal and load capacitances. Figure 2 shows 
power dissipation versus frequency for a completely unload- 
ed NAND gate, flip-flop and counter implemented in all 4 
technologies. 


The LS, S and ALS curves are essentially flat because the 
quiescent currents mask out capacitive effects, except at 
very high frequencies. Capacitive effects are slightly lower 
for the TTL families, so that, at high frequencies, CMOS 
dissipation may actually be more than ALS and LS. Howev- 
er, the power crossover frequency is usually well above the 
maximum operating frequency of MM54HC/MM74HC. 
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The previously mentioned curves plot unloaded circuits. 
When considering typical system power consumption, ca- 
pacitive loading should also be considered. Table Ill lists 
components to implement all the support logic for a small 
microprocessor based system. By assuming a typical load 
capacitance of 50 pF, the power dissipation for these devic- 
es can be calculated at various average system clock fre- 
quencies. Figure 3 plots power consumption for 74HC, 
74LS, 74ALS and 74S logic implementations. Above 1 MHz, 
capacitive currents now also tend to dominate bipolar power 
dissipation as well. 


TABLE Hil. Hypothetical “Glue” Logic for a 
Typical Microprocessor System 


System Components 


Address Decoders ('138) 

Address Comparators (688) 
Address/Data Buffers (’240/4) 
Address/Data Latches (’373/4) 
MSI Control/Gating (’00, ’10) 

Misc. Counter/Shift Reg (’161, '164) 
Flip-Flops (’73/4) 
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TOTAL SYSTEM POWER CONSUMPTION (W) 
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FIGURE 3. Power Consumption for Hypothetical 
Microprocessor System Support Logic 
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FIGURE 2. Supply Current Consumption Comparison 
for (a) 74XX00 (b) 74XX714 (c) 74XX161 Circuits 
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Since, in a typical system, some sections will operate at a 
high frequency and other parts at lower frequencies, the 
average system clock frequency is a simplification. For ex- 
ample, a 10 MHz microprocessor will have a bus cycle fre- 
quency of 2 to 5 MHz. Most system and memory compo- 
nents will be accessed a small amount of the time, resulting 
in effective clock frequencies on the order of 100 kHz for 
these sections. Thus, the average system clock frequency 
would be around 1 to 2 MHz, and an 8 to 1 power savings 
would be realized by using CMOS. 


Another simplification was made to calculate system power. 
CMOS circuits will dissipate much less power when TRI- 
STATE®, which would save much power since, in a given 
bus cycle, only a few buffers will be enabled. LS, ALS and S, 
however, actually dissipate more power when their outputs 
are disabled. 


Several interesting conclusions can be drawn from Figure 3. 
First, notice that, at higher frequencies, the bipolar logic 
families start to dissipate more power. This is a result of 
current consumption due to switching the load. As the oper- 
ating frequency approaches infinity, this will be the dominant 
effect. So, for extremely fast low power systems, minimizing 
load capacitance and overall operating frequency becomes 
more important. As lower power TTL logic is introduced, 
system power will be increasingly dependent on capacitive 
load effects similar to CMOS. 
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Second, TTL logic has a slightly smaller logic voltage swing 
than CMOS. Thus, for a given load, TTL will actually have a 
lower average load current. So, similar to the unloaded ex- 
ample, at very high frequencies, CMOS could consume 
more power than TTL. As Figure 5 indicates, these frequen- 
cies are usually far above the 30 MHz limit of HC-CMOS or 
LS-TTL. 


INPUT VOLTAGE CHARACTERISTICS 
AND NOISE IMMUNITY 


To maintain the advantage CMOS has in noise immunity, 
the input logic levels are defined to be similar to metal gate 
CMOS. At Voc=5V, MM54HC/MM74HC is designed to 
have input voltages of Vj4y=3.5V and Vi, = 1.0V. Additional- 
ly, input voltage over the operating supply voltage range is: 
Vin=9.7Vcc and Vi_=0.2Vcc. This compares to Vip = 2.0V 
and Vj, =0.8V specified for LS-TTL over its supply range. 
Figure 4 illustrates the input voltage differences, and the 
greater noise immunity HC logic has over its supply range. 
Maintaining wide noise immunity gives HC-CMOS an advan- 
tage in many industrial, automotive, and computer applica- 
tions where high noise levels exist. 
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FIGURE 4. Worst-Case Input and Output Voltages Over 
Operating Supply Range for HC and LS Logic 
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FIGURE 5. Input-Output Transfer Characteristics for 74XX00 
NAND Gate Implemented in (a) HC-CMOS (b) LS-TTL (c) ALS-TTL 
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Another indication of DC noise immunity is the typical trans- 
fer characteristics for the logic families. Figure 5 shows the 
transfer function of the 74XX00 NAND gate for HC-CMOS, 
LS-TTL and ALS-TTL. High speed CMOS has a very sharp 
transition typically at 2.25V, and this transition point is very 
stable over temperature. The bipolar logic transfer functions 
are not as sharp and vary several hundred millivolts over 
temperature. This sharp transition is due to the large circuit 
gains provided by triple buffering the HC-CMOS gate com- 
pared to the single bipolar gain stage. Figure 6 compares 
the transfer function of the 'HCO8 and the ’ALSO08, both of 
which are double buffered. The 'ALSO8 has a sharper tran- 
sition, but the CMOS gate still has less temperature varia- 
tion and a more centered trip point. However, the TTL trip 
point is not dependent on Vcc variation as CMOS is. 


The high speed CMOS input levels are not totally compati- 
ble with TTL output voltage specifications. To make them 
compatible would compromise noise immunity, die size, and 
significant speed. The designer may improve compatibility 
by adding a pull-up resistor to the TTL output. He may also 
utilize a series of TTL-to-CMOS level converters which are 
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INPUT VOLTAGE (V) 
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being provided to ease design of mixed HC/LS/ALS/S sys- 
tems. These buffers have 0.8V and 2.0V TTL input voltage 
specifications, and provide CMOS compatible outputs. 
When mixing logic, the noise immunity at the TTL to CMOS 
interface is no better than LS-TTL, but a substantial savings 
in power will occur when using MM54HC/MM74HC logic. 


INPUT CURRENT 


The HC family maintains the ultra-low input currents typical 
of CMOS circuits. This current is less than 1 pA and is 
caused by input protection diode leakages. This compares 
to the much larger LS-TTL input currents of 0.4 mA for a low 
input and 40 A for a high input. ALS-TTL input currents are 
0.2 mA and 20 pA and S-TTL input currents are 3.2 mA and 
100 pA. Figure 7 tabulates these values. The near zero in- 
put current of CMOS eases designing, since a typical input 
can be viewed as an open circuit. This eliminates the need 
for fanout restrictions which are necessary in TTL logic 
designs. 
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FIGURE 6. Input-Output Transfer Characteristics for 
74XX08 AND Gate Implemented in (a) HC-CMOS (b) ALS-TTL 
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FIGURE 7. Comparison of Input Current Specifications 
for Various Logic Families 
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POWER SUPPLY RANGE 


Figure 4 also compares the supply range of MM54HC/ 
MM74HC logic and LS-TTL. The high speed CMOS family is 
specified to operate at voltages from 2V to 6V. 54LS, 54S 
and 54ALS logic is specified to operate from 4.5V to 5.5V, 
and 74LS and 74S will operate from 4.75V to 5.25V. 74ALS 
is specified over a 4.5V to 5.5V supply range. This wider 
operating range for the HC family eases power supply de- 
sign by eliminating costly regulators and enhances battery 
operation capabilities. 


OUTPUT DRIVE 


Since there was no speed, noise immunity, or power trade- 
off, standard HC-CMOS was designed to have similar high 
current output drive that is characteristic of LS-TTL and 
ALS-TTL. Schottky TTL has about 5 times the output drive 
of MM54HC/MM74HC. Thus HC-CMOS has an output low 
current specification of 4 mA at an output voltage of 0.4V. In 
keeping with CD4000B series and 54C/74C series logic, the 
source and sink currents are symmetrical. Thus HC logic 
can source 4 mA as well. This large increase in output cur- 
rent for high speed CMOS over CD40008B also has the add- 
ed advantage of reducing signal line crosstalk which can be 
of greater concern in high speed systems. Figure 8 com- 
pares HC, LS, and ALS specified output currents. 

Since TTL logic families do have significant input currents 
they have a limited fanout capability. Table IV illustrates the 
limitations of these families, based on their input and output 
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currents. High speed CMOS is also included. MM54HC/ 
MM74HC has the same CMOS-to-CMOS fanout character- 
istics as CD4000B, virtually infinite. 


TABLE IV. Fanout of HC-CMOS, LS-TTL, 
ALS-TTL, S-TTL 


-FromTe | rate | ras | rants | 78 | 





As another indication of the similarity of HC-CMOS to LS- 
TTL, Figure 9 plots typical output currents versus output 
voltage for LS and HC. The output sink current curves are 
very similar, but LS source current is somewhat different, 
due to its emitter-follower output circuitry. 


MM54HC/MM74HC bus driving circuits, namely the TRI- 
STATE buffers and latches, have half again as much output 
current drive as standard outputs. These components have 
a 6 mA output drive. The 6 mA was chosen based on a 
trade-off of die size and speed-load variations. This current 
is less than the 12 mA or more specified for LS and ALS bus 
driver circuits, because the bus fanout limitations of these 
families do not apply in CMOS systems. S-TTL bus output 
sink current is 48 mA. - 


4maA 
4ma Vou = 
Vor =0.4V Vcc —0.8V 
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FIGURE 8. Output Current Specifications for ALS-TTL, S-TTL and HC-CMOS 
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FIGURE 9. Comparison of Standard LS-TTL and HC-CMOS Output (a) Source (b) Sink Currents 





OPERATING TEMPERATURE RANGE 


The operating temperature range and temperature effects 
on various HC-CMOS operating parameters differ from bipo- 
lar logic. Tne recommended temperature range for 74LS, 
74S, and 74ALS is 0°C to 70°C, compared to — 40°C to 85°C 
for the 74HC family. 54 series logic is specified from —55°C 
to 125°C for all four families. 


Temperature variation of operating parameters for the 
MM54HC/MM74HC family behaves very predictably and is 
due to the gain decreasing of MOSFET transistors as tem- 
perature is increased. Thus the output currents decrease 
and propagation delays increase at about 0.3% pet degree 
centigrade. 


Figure 10 shows typical propagation delays for the 74XX00 
over the —55°C to +125°C temperature range. The 
*HCOO's speed increases almost linearly with temperature, 
whereas the LS and ALS behave differently. 


A WORD ABOUT PLUG-IN REPLACEMENT OF TTL 


MM54HC/MM74HC logic implements TTL equivalent func- 
tions with the same pin outs as TTL. HC is not designed to 
be directly plug-in replaceable, but, with some care, some 
TTL systems can be converted to MM54HC/MM74HC with 
little or no modification. The replaceability of HC is deter- 
mined by several factors. 


One factor is the difference in input levels. In systems where 
all TTL is not being replaced and TTL outputs feed CMOS 
inputs, the input high voltages, as specified, are not totally 
compatible. Although TTL outputs will typically drive HC in- 
puts correctly, an external pull-up resistor should be added 
to the TTL outputs, or an MM54HCT/MM74HCT TTL com- 
patible circuit should be used. This incompatibility tends to 
limit the designer’s ability to intermingle TTL and 
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HC-CMOS. Note, though, that HC outputs are completely 
compatible with the various TTL family’s input specifica- 
tions; therefore, there is no problem when HC is driving TTL. 


Another source of possible problems can occur when the 
LS design floats device inputs. This practice is not recom- 
mended when using LS-TTL, but it is sometimes done, Usu- 
ally, TTL inputs float high; however, CMOS inputs may float 
either high or low depending on the static charge on the 
input. It is therefore important to always tie unused CMOS 
inputs to either Voc or ground to avoid incorrect logic func- 
tioning. 

A third factor to consider when replacing any TTL logic is 
AC performance. The logic functions provided by 54HC/ 
74HC are equivalent to LS-TTL, and the propagation delay, 
set-up and hold times are similar to LS. However, there are 
some differences in the way CMOS circuits are implement- 
ed which will cause differences in speed. For the most part, 
these differences are minor, but it is important to verify that 
they do not affect the design. 


CONCLUSION 


The MM54HC/MM74HC family represents a major step for- 
ward in CMOS performance. It is a full line family capable of 
being designed into virtually any application which now uses 
LS-TTL with substantial improvement in power consump- 
tion. ALS and S-TTL primarily offer faster speeds than HC- 
CMOS, but still do not have the input and output advantages 
or the lower power consumption of CMOS. Because of its 
high input impedance and large output drive, HC logic is 
actually easier to use. This, coupled with continued expan- 
sion of the 54HC/74HC, will make it an increasingly popular 
logic family. 
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FIGURE 10. Propagation Delay Variation Across Temperature for (a) 74LS00 (b) 74ALS00 and (c) 74HC00 
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National’s Process 
Enhancements 
Eliminate the CMOS SCR 
Latch-Up Problem In 
54HC/74HC Logic 


INTRODUCTION 


SCR latch-up is a parasitic phenomena that has existed in 
circuits fabricated using bulk silicon CMOS technologies. 
The latch-up mechanism, once triggered, turns on a parasit- 
ic SCR internal to CMOS circuits which essentially shorts 
Vcc to ground. This generally destroys the CMOS IC or at 
the very least causes the system to malfunction. In order to 
make MM54HC/MM74HC high speed CMOS logic easy to 
use and reliable it is very important to eliminate latch-up. 
This has been accomplished through several layout and 
process enhancements. It is primarily several proprietary in- 
novations in CMOS processing that eliminates the SCR. 


First, what is ‘SCR latch-up?” It is a phenomena common 
to most monolithic CMOS processes, which involves ‘‘turn- 
ing on” a four layer thyristor structure (P-N-P-N) that ap- 
pears from Vcc to ground. This structure is formed by the 
parasitic substrate interconnections of various circuit diffu- 
sions. It most commonly can be turned on by applying a 
voltage greater than Vcc or less than ground any input or 
output, which forward biases the input or output protection 
diodes. Figure 7 schematically illustrates these diodes 
found in the MM54HC/MM74HC family. Standard CD4000 
and MM54C/MM74C logic also has a very similar structure. 
These diodes can act as the gate to the parasitic SCR, and 
if enough current flows the SCR will trigger. A second meth- 
od of turning on the SCR is to apply a very large supply 
voltage across the device. This will breakdown internal di- 
odes causing enough current to flow to trigger latch-up. In 
HC logic the typical Voc breakdown voltage is above 10V so 
this method is more uncommon. In either case, once the 
SCR is turned on a large current will flow from Vcc to 
ground, causing the CMOS circuit to malfunction and possi- 
bly damage itself. 


CMOS SCR problems can be minimized by proper system 
design techniques or added external protection circuits, but 
obviously the reduction or elimination of latch-up in the IC 
itself would ease CMOS system design, increase system 
reliability and eliminate additional circuitry. For this reason it 
was important to eliminate this phenomena in National’s 
high speed CMOS logic family. 
Characterization of this proprietary high speed CMOS pro- 
cess for latch up has verified the elimination of this parasitic 
mechanism. In tests conducted under worst case conditions 
(Vcc=7V and Ta= 125°C) it has been impossible to latch- 
up these devices on the inputs or on the outputs. 
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FIGURE 1. Schematic Diagram of Input and Output 
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In testing for latch-up, caution must be exercised when try- 
ing to force large currents into an IC. As with any integrated 
circuit there are maximum limitations to the current handling 
capabilities of the internal metalization, and diodes, and 
thus they can be damaged by excessive currents. This is 
discussed fater in the test section. 


To enable the user to understand what latch-up is and how 
it has been eliminated, it is useful to review the operating of 
a simple discrete SCR, and then apply this to the CMOS 
SCR. Since most latch-up problems historically have been 
caused by extraneous noise and system transients, the AC 
characteristics of CMOS latch are presented. Also various 
methods of external and internal protection against latch-up 
is discussed as well as example test methods for determin- 
ing the latch up susceptibility of CMOS IC’s. 


SIMPLE DISCRETE SCR OPERATION 


To understand the behavior of the SCR structure parasitic 
to CMOS IC’s, it is first useful to review the basic static 
operation of the discrete SCR, and then apply it to the 
CMOS SCR. There are two basic trigger methods for this 
SCR. One is turning on the SCR by forcing current into its 
gate, and the second is by placing a large voltage across its 
anode and cathode. Figure 2 shows the basic four layer 
structure biased into its forward blocking state. The SCR 
action can be more easily understood if this device is mod- 
eled as a cross coupled PNP and NPN transistor as shown 
in Figure 3. 


In the case of latch-up caused by forward biasing a diode, if 
current is injected into the base of Q2, this transistor turns 
on, and a collector current beta times its base current flows 
into the base of Q1. Q1 in turn amplifies this current by beta 
and feeds it back into the base of Q2, where the current is 
again amplified. If the product of the two transistors’ Beta 
becomes greater than one, B(NPN)xB(PNP)> 1, this current 
multiplication continues until the transistors saturate, and 
the SCR is triggered. Once the regenerative action occurs a 
large anode current flows, and the SCR will remain on even 
after the gate current is removed, if enough anode current 
flows to sustain latch-up. However, if the transistor current 
gains are small no self sustaining positive feedback will oc- 
cur, and when the base current is removed the collector 
current will stop. In a similar manner the SCR can be trig- 
gered by drawing current by forward biasing the base of Q1. 
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FIGURE 2. Simplified SCR Structure 
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FIGURE 3. Cross-Coupled Transistor Model of SCR 


The second case, the SCR may also be triggered without 
injecting any gate current. In the forward blocking state the 
small leakage current that is present does not trigger the 
SCR, but if the voltage is increased to a point where signifi- 
cant leakage currents start conducting, these currents could 
also trigger the SCR, again forming a low impedance path 
through the device. The same requirement that the Beta 
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product of the PNP and NPN be greater than one in order 
for the SCR to trigger applies here as well. This leakage cur- 
rent trigger is characteristic of Schottkey diode operation. 


THE CMOS SCR: STATIC DC OPERATION 


For discussion purposes CMOS SCR latch up characteris- 
tics can be divided into two areas. One is the basic opera- 
tion of the SCR when static DC voltages are applied, and 
the second is the behavior when transients or pulses are 
applied. 

First looking at the device statically, the parasitic SCR in 
CMOS integrated circuits is much more complex and its trig- 
gering is somewhat different than the simple SCR already 
discussed. However, the regenerative feedback effect is ba- 
sically the same. Figure 4a shows a simplified P— well 
CMOS structure illustrating only the diffusions and the re- 
sultant parasitic transistors. The NPN transistor is a vertical 
device whose emitter is formed by n+ diffusions. The P— 
well forms the base and the N— substrate forms the collec- 
tor of the NPN. The PNP transistor is a lateral device. Its 
emitter is formed by p+ diffusions, its base is the N— sub- 
strate, and its collector is the P— well. 


Figure 4b i\lustrates a cross section of a simplified N— well 
process and its corresponding parasitic bipolar transistors. 
In this process the NPN is a lateral device and the PNP is 
vertical. Essentially the description of the P— well SCR is 
the same as the N— well version except the NPN is a low 
gain lateral device and the PNP is a high gain vertical tran- 
sistor. Thus the following discussion for the P— well also 
applies to the N— well with this exception. 
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FIGURE 4. Simplified Cross Section of CMOS Processes a) P— well and b) N— well 
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The transistors for the P— well CMOS process are drawn 
schematically in Figure 5, so that their cross coupled inter- 
connection is more easily seen. The SCR:structure in Figure 
5 differs from that of Figure 3 in two ways. First, the transis- 
tors of Figure 5 have multiple emitters, due to the many 
diffusions on a typical die. One emitter of each transistor 
could function as the trigger input to the SCR. Secondly, R1 
and R2 have been added and are due to P— and N— sub- 
strate resistances between the base of each transistor and 
the substrate power supply contacts. 


TL/F/5346-7 
FIGURE 5. Schematic of Simple SCR Model 


Like the discrete SCR there are two basic methods of turn- 
ing the CMOS SCR on. The first method is however slightly 
different. In the CMOS parasitic SCR current cannot be di- 
rectly injected into the base of one of its transistors. Instead 
either node G1 must be raised above Vcc enough to turn on 
Q1, or node G2 must be lowered below ground enough to 
turn on Q2. If G1 is brought above Vcc, current is injected 
from the emitter of Q1 and is swept to the collector of Q1. 
The collector of Q1 feeds the base of Q2 and also R2. R2 
has the effect of stealing current from the base of Q2, but as 
current flows through R2 a voltage will appear at the base of 
Q2. Once this voltage reaches 0.6 volts Q2 will turn on and 
feed current from its collector back into R1 and into Q1. If 


0.6 volts is generated across R1, Q1 then turns on even 


more. 


Again, if the two transistors have enough gain and enough 
anode current flows to sustain the SCR; it will turn on, and 
remain on even after G1 is returned to Vcc. The actual re- 
quirements for latch up are altered by the two resistors, R1 


and R2. Since the resistors shunt some current away from. 


the base of both transistors, the resistors essentially reduce 
the effective gains of the transistors. Thus the transistors 
must actually have much higher gains in order to achieve an 
overall SCR loop gain greater than one, and hence enable 
the SCR to trigger. The actual equations to show quantita- 
tively how the resistors effect the SCR’s behavior could be 
derived, but it is sufficient to notice that as R1 and R2 be- 
come smaller the SCR becomes harder to turn on. IC de- 
signers utilize this to reduce latch up. 


The second method of turning on the SCR mentioned earli- 
er also applies here. If the supply voltage is raised to a large 
value, and internal substrate diodes start breaking down ex- 
cessive leakage currents will flow possibly triggering the 
SCR. The resistors also affect this trigger method as well, 
since they steal some of the leakage currents from Q1 and 
Q2, and hence it takes more current to trigger the SCR. In 
high speed CMOS the process enhancements reduce the 
transistor betas and hence eliminate latch up by this mecha- 
nism as well. 


While useful, the SCR model of Figures 4 and 5 is very 
simplified, since in actuality the CMOS SCR is a structure 
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with many transistors interconnected by many resistances. 
Although still somewhat simplified, Figure 6 attempts to il- 
lustrate how the parasitics on a chip connect. It is important 
to remember that any transistor or diode diffusion can para- 
sitically form part of the SCR. In the figure transistor Q1 and 
Q2 are single emitter transistors formed by the input protec- 
tion diodes. Internal P and N channel transistors have no 
external connection and are represented by Q3 and Q4. Q5 
and Q6 represent output transistor diffusions, and the sec- 
ond emitter corresponds to the output. All of these transis- 
tors are connected together by the N-— substrate and P— 
well resistances, which are illustrated by the resistor mesh. 


Vec 


GND 
TL/F/5346-8 
FIGURE 6. Distributed Model of CMOS SCR 


If any of the emitters associated with the trigger inputs G1- 
G4 become forward biased the SCR may be triggered. Also 
due to the intertwined nature of this structure, part of the 
SCR may be initially latched up. In this case only a limited 
amount of current may flow, but this limited latch up may 
spread and cause other parts to be triggered until eventually 
the whole chip is involved. 


In general the trigger to the SCR has been conceptualized 
as a current, since ideally the CMOS input looks into the 
base of the SCR transistors. However this may not be quite 
true. There may be some resistance in series with each 
base, due to substrate or input protection resistances. In 
newer silicon gate CMOS processes, MM54HC/MM74HC 
for example, a poly-silicon resistor is used for electrostatic 
protection, and this enables larger voltages to be applied to 
the circuit pins without causing latchup. This is because the 
poly resistor actually forms a current limit resistor in series 
with the diodes. In most applications the designer is more 
concerned with accidental application of a large voltage, 
and the use of the poly resistor internally enables good volt- 
age resistance to latch up. CMOS outputs are directly con- 
nected to parasitic output diodes since no poly resistor can 
be placed on an output without degrading output current 
drive. Thus the output latch up mechanism is usually 
thought of as a current. 





Temperature variations will affect the amount of current re- 
quired to trigger the SCR. This is readily understandable 
since temperature effects the bipolar transistor’s gain and 
the resistance of the base-emitter resistors. Generally, as 
the temperature is increased less current is needed to 
cause latch-up. This is because as temperature increases 
the bipolar transistor’s base-emitter voltage decreases and 
the base-emitter resistor value increases. Figure 7 plots trig- 
ger current versus temperature for a sensitive CMOS input. 
This data was taken on a CMOS device without any layout 
or process enhancements to eliminate latch up. Increasing 
temperature from room to 125°C will reduce the trigger cur- 
rent by about a factor of three. Once the circuit is latched 
up, heating of the device die caused by SCR currents will 
actually increase the susceptibility to repeated latch up. 


LATCH-UP CURRENT—mA 
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FIGURE 7. Temperature versus SCR Trigger Current for 
Special CMOS Test Structure 


OTHER LATCH UP TRIGGER METHODS 


There are some other methods of latching up CMOS cir- 
cuits, they are not as circuit design related and shall only be 
briefly mentioned. The first is latch up due to radiation bom- 
bardment. In hostile environments energetic atomic parti- 
cals can bombard a CMOS die freeing carriers in the sub- 
strate. These carriers then can cause the SCR to trigger. 
This can be of concern in high radiation environments which 
call for some sort of radiation hardened CMOS logic. 


Another latch up mechanism is the application of a fast rise 
or fall spike to the supply inputs of a CMOS device. Even if 
insufficient current is injected into the circuit the fast voltage 
change could trigger latch up. This occurs because the volt- 
age change across the part changes the junction depletion 
capacitances, and this change in capacitance theoretically 
could cause a current that would trigger the SCR latch. In 
actual practice this is very difficult to do because the re- 
sponse time of the SCR (discussed shortly) is very poor. 
This is hardly a problem since power supplies must be ade- 
quately decoupled anyway. 


A third latch up cause which is completely internal to the IC 
itself and is out of the control of the system designer is 
internally triggered latch up. Any internal switching node 
connects to a diode diffusion, and as these diffusions switch 
the junction depletion capacitance associated with these 
nodes changes causing a current to be generated. This cur- 
rent could trigger the SCR. The poor frequency response of 
the SCR tends to make this difficult, but as chip geometries 
are shrunk packing densities will increase and the gain of 
the lateral PNP transistor increase. This may increase the 
latch up susceptibility. It is up to the IC designer to ensure 
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that this doesn’t happen, and care in the layout and circuit 
design of 54HC/74HC logic has ensured that this will be 
avoided. 


THE CMOS SCR: TRANSIENT BEHAVIOR 


With the introduction of fast CMOS logic the transient na- 
ture of the CMOS SCR phenomena becomes more impor- 
tant because signal line ringing and power supply transients 
are more prevalent in these systems. Older metal gate 
CMOS (CD4000 & 74HC) circuits have slow rise and fall 
times which do not cause a large amount of line ringing. 
Power supply spiking is also somewhat less, again due to 
slow switching times associated with these circuits. 


The previous discussion assumed that the trigger to the 
CMOS SCR was essentially static and was a fixed current. 
Under these conditions a certain value current will cause 
the SCR to trigger, but if the trigger is a short pulse the peak 
value of the pulse current that will trigger the SCR can be 
much larger than the static DC trigger current. This is due to 
the poor frequency characteristics of the SCR. 


For short noise pulses, <5 ps, the peak current required to 
latch up a device is dependent on the duty cycle of the 
pulses. At these speeds it is the average current that caus- 
es latch-up. For example, if a 1 MHz 50% duty cycle over 
voltage pulse train is applied to a device that latched with 
20 mA DC current, then typically the peak current required 
will be about 40 mA. For a 25% duty cycle the peak current 
would be 80 mA. An example of this is shown in Figure 8 
which plots latch up current against over-voltage pulse 
width at 1 MHz. 
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DUTY CYCLE = W/T x 100% 
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TL/F/5346-10 
FIGURE 8. Trigger Current of SCR of Input Overvoltage 
Pulses at High Repetition Rate on Special Test Unit 


lf the pulse widths become long, many microseconds, the 
latch up current will approach the DC value even for low 
duty cycles. This is shown in Figure 9 which plots peak trig- 
ger current vs pulse width for the same test device used in 
Figure 8. The repetition rate in this case is a slow 2.5 kHz 
(period= 400 ps). These long pulse widths approach the 
trigger time of the SCR, and thus pulses lasting several mi- 
croseconds are long enough to appear as DC voltages to 
the SCR. This indirectly indicates the trigger speed of the 
SCR to be on the order of ten to fifteen microseconds. This 
is however dependent on the way the IC was designed and 
the processing used. 


In normal high speed systems noise spikes will typically be 
only a few nanoseconds in duration, and the average duty 
cycle will be small. So even a device that is not designed to 
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TL/F/5346-11 
FIGURE 9. Trigger Current of Pulse on Special Test Unit 
SCR for Single Transient Overvoltage 


be latch up resistant, will probably not latch up even with 
significant line ringing on its inputs or outputs (Then again 
. . .). However, in some systems where inductive or other 
loads are used transients of several microseconds can be 
easily generated. For example, some possible applications 
are automotive and relay drivers. In other CMOS logic fami- 
lies spikes of this nature are much more likely to cause the 
SCR to trigger, but here again MM54HC/MM74HC high 
speed CMOS is immune. 


PREVENTING SCR LATCH UP: 
USER SYSTEM DESIGN SOLUTIONS 


SCR latch-up can be prevented either on the system level 
or on the IC level. Since National’s MM54HC/MM74HC se- 
ries will not latch up, this eliminates the need for the system 
designer to worry about preventing latch up at the system 
level. This not only eases the design, but negates the need 
to add external diodes and resistors to protect the CMOS 
circuit, and hence additional cost. (Note however that even 
though the devices don’t latch up, diode currents should be 
limited to their Absolute Maximum Ratings listed in the Data 
Sheets). 


If one is using a CMOS device that may latch up, older 
CD4000 CMOS or another vendors HC for example, and its 


Vcc OA Yop 


GND OA Vss 


Schottky Diodes 
(a) 


Germanium Diodes 


input or output voltages may forward bias the input or output 
diodes then some external circuitry may need to be added 
to eliminate possible SCR triggering. As with the previous 
discussions of latch-up preventing SCR latch-up falls into 
two categories: the static case, and the transient condition. 
Each is related but has some unique solutions. 


In the static condition to ensure SCR latch up does not oc- 
cur, the simplest solution is to design CMOS systems so 
that their input/output diodes don’t become forward biased. 
To ease this requirement some special circuits that have 
some of their input protection diodes removed are provided, 
and this enables input voltages to exceed the supply range. 
These devices are MM54HC4049/50, CD4049/50, and 
MM54C901 /2/3/4, 


If standard logic is used and input voltages will exceed the 
supply range, an external network should be added that pro- 
tects the device by either clamping the input voltage or by 
limiting the currents which flow through the internal diodes. 
Figure 10 i\lustrates various input and output diode clamping 
circuits that shunt the diode currents when excessive input 
voltages are applied. Usually either an additional input or 
output diode is required, rarely both, and if the voltages only 
exceed one supply then only one diode is necessary. If an 
external silicon diode is used the current shunt is only par- 
tially effective since this diode is in parallel with the internal 
silicon protection diode, and both diodes clamp to about 
0.7V. 


A second method, limiting input current, is very effective in 
preventing latch-up, and several designs are shown in 
Figure 11. The simplest approach is a series input resistor. It 
is recommended that this resistor should be as large as 
possible without causing excessive speed degradation yet 
ensure the input current is limited to a safe value. If speed is 
critical, it is better to use a combination diode-resistor net- 
work as shown in Figures 11b and 17c. These input net- 
works effectively limit input currents while using lower input 
resistors. The series resistor may not be an ideal solution for 
protecting outputs because it will reduce the effective drive 
of the output. In most cases this is only a problem when the 
output must drive a lot of current or must switch large ca- 
pacitances quickly. , 
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Zener Diodes 


(b) (c) 
FIGURE 10. External Input and Output Protection Diodes Circuits for Eliminating SCR Latch-up 
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FIGURE 11. Input Resistor and Resistor-Diode Prote~ ‘ion Circuits for Eliminating Latch-up 





A third approach is instead of placing resistors in series with 
the inputs to place them in series with the power supply 
lines as shown in Figure 12. The resistors must be bypassed 
by capacitors so that momentary switching currents don’t 
produce large voltage transients across R1 and R2. These 
resistors can limit input currents but primarily they should be 
chosen to ensure that the supply current that can flow is 
less than the holding current of the SCR. Thus even though 
the input current can cause latch up it cannot be sustained 
and the IC will not be damaged. 


TL/F/5346-14 


FIGURE 12, Supply Resistor-Capacitor Circuits for 
Eliminating Latch-up 


This last solution has the advantage of fewer added compo- 
nents, but also has some disadvantages. This method may 
not prevent latch up unless the resistors are fairly large, but 
this will greatly degrade the output current drive and switch- 
ing characteristics of the device. Secondly, this circuit pro- 
tects the IC from damage but if diodes currents are applied 
causing large supply currents, the circuits will logically mal- 
function where as with other schemes logic malfunction can 
be prevented as well. 


PREVENTING LATCH UP: IC DESIGN SOLUTIONS 


The previous latch up solutions involve adding extra compo- 
nents and hence extra cost and board space. One can 
imagine that in a microprocessor bus system if for some 
reason the designer had to protect each output of several 
CMOS devices that are driving a 16-bit address bus that up 
to 32 diodes and possibly 16 resistors may need to be add- 
ed. Thus for the system designer the preferable solution is 
to use logic that won’t latch up. 


ADDITIONAL 
SUBSTRATE 
CONTACTS 


Most methods previously employed to eliminate latch up are 
either not effective, increase the die size significantly, and/ 
or degrade MOS transistor performance. The process en- 
hancements employed on 54HC/74HC logic circumvent 
these problems. Primarily it is effective without degrading 
MOS performance. 


When designing CMOS integrated circuits, there are many 
ways that the SCR action of these circuits can be reduced. 
One of the several methods of eliminating the SCR is to 
reduce the effective gain of at least one of the transistors, 
thus eliminating the regenerative feedback. This can be ac- 
complished either by modifying the process and/or by in- 
serting other parasitic structures to shunt the transistor ac- 
tion. Also the substrate resistances modeled as R1 and R2 
in Figures 4 and 5 can be reduced. As these resistances 
approach zero more and more current is required to develop 
enough voltage across them to turn on the transistors. 


As mentioned, the current gains of the NPN and PNP para- 
sitic transistors directly affect the current required to trigger 
the latch. Thus some layout and process enhancements 
can be implemented to reduce the NPN and PNP Betas. In 
a P—well process the gain of the vertical NPN is determined 
by the specific CMOS process, and is dependent on junc- 
tion depths and doping concentrations. These parameters 
also contro! the performance of the N-MOS transistors as 
well and so process modification must be done without de- 
grading CMOS performance. To reduce the gain of the verti- 
cal PNP the doping levels of the P— well can be increased. 
This will decrease minority carrier lifetimes. It will also re- 
duce the substrate resistance lowering the NPN base-emit- 
ter resistance. However this will increase parasitic junction 
capacitances, and may affect NMOS threshold voltages and 
carrier mobility. The depth of the well may be increased as 
well. This will reduce layout density due to increased lateral 
diffusion, and increase processing time as it will take longer 
to drive the well deeper into the substrate. 


The lateral PNP’s gain is determined by the spacing of input 
and output diode diffusions to active circuitry and minority 
carrier life times in the N— substrate. The carrier life times 
are a function of process doping levels as well, and care 
must be exercised to ensure no MOS transistor perform- 
ance degradation. Again the doping levels of the substrate 
can be increased, but this will increase parasitic junction 
capacitances, and may alter the PMOS threshold character- 
istics. The spacing between input/output diodes and other 
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FIGURE 13. Simplified CMOS Cross Section Showing Added Latch-up Reduction Structures 
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diffusions can be increased. This will increase the PNP’s 
base width, lowering its beta. This may be done only a limit- 
ed amount without significantly impacting die size and cost. 


Another method for enhancing the latch-up immunity of 
MM54HC/MM74HC is to short out the SCR by creating ad- 
ditional parasitic transistors and reducing the effective sub- 
strate resistances. These techniques employ the use of 
ringing structures (termed guard rings) to surround inputs 
and outputs with diffusions that are shorted to Vcc or 
ground. These diffusions act to lower the substrate resist- 
ances, making it harder to turn on the bipolar transistors. 
They also act “dummy” collectors that shunt transistor ac- 
tion by collecting charges directly to either Vcc or ground, 
rather than through active circuitry. Figure 13 shows a cross 
section of how this might look and Figure 14 schematically 
illustrates how these techniques ideally modify the SCR 
structure. 


Ideally, in Figure 14 if the inputs are forward biased any 
transistor action is immediately shunted to Voc or ground 
through the “dummy” collectors. Any current not collected 
will flow through the resistors, which are now much lower in 
value and will not allow the opposite transistor to turn on. 





TL/F/5346-15 
FIGURE 14. Schematic Representation of SCR with 
Improvements to Reduce Turn On. 


Unfortunately in order to reduce latch up these techniques 
add quite significantly to the die size, and still may not be 
completely effective. 


The ineffectiveness of the ringing structures at completely 
eliminating latch up is for one because the collectors are 
only surface devices and carriers can be injected very deep 
into the N— substrate. Thus they can very easily go under 
the fairly small “dummy” collectors and be collected by the 
relatively large active P— well. A possible solution might be 
to make the collector diffusions much deeper. This suffers 
from the same drawbacks as making the well deeper, as 
well as requiring additional mask steps increasing process 
complexity. Secondly, the base emitter resistances can be 
reduced only so much, but again only the surface resistanc- 
es are reduced. Some transistor action can occur under the 
P— well and deep in the N— bulk where these surface 
shorts are only partially effective. 


The above discussion described modifications to a P— well 
process. For an N— well process the descriptions are the 
same except that instead of a P— well an N— well is used 
resulting in a vertical PNP instead of an NPN and a lateral 
NPN instead of a PNP. 
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These methods are employed in 54HC/74HC CMOS logic, 
but in addition processing enhancements were made that 
effectively eliminate the PNP transistor. The primary en- 
hancement is a modification to the doping profile of the N— 
substrate (P-- well process). This lowers the conductivity of 
the substrate material while maintaining a lightly dope sur- 
face concentration. This allows optimum performance 
NMOS and PMOS transistors while dramatically reducing 
the gain of the PNP and its base-emitter resistance. The 
gain of the PNP is reduced because the minority carrier life- 
times are reduced. This modification also increases the ef- 
fectiveness of the “dummy” collectors by maintaining carri- 
ers closer to the surface. This then eliminates the SCR latch 
up mechanism. 


5.0 TESTING SCR LATCH-UP 


There are several methods and test circuits that can be 
employed to test for latch-up. The one primarily used to 
characterize the 54HC/74HC logic family is shown in Figure 
15. This circuit utilizes several supplies and various meters 
to either force current into the Voc diodes or force current 
out of the ground diodes. By controlling the input supply a 
current is forced into or out of an input or output of the test 
device. As the input supply voltage is increased the current 
into the diode increases. Internal transistor action may 
cause some supply current to flow, but this should not be 
considered latch up. When latch-up occurs the power sup- 
ply current will jump, and if the input supply is reduced to 
zero the power supply current should remain. The input trig- 
ger current is the input current seen just prior to the supply 
current jumping. 

Testing latch-up is a destructive test, but in order to test 
54HC/74HC devices without causing immediate damage, 
test limits for the amount of input or output currents and 
supply voltages should be observed. Even though immedi- 
ate damage is avoided, SCR latch-up test is a destructive 
test and the IC performance may be degraded when testing 
to these limits. Therefore parts tested to these limits should 
not be used for design or production purposes. In the case 
of National’s high speed CMOS logic the definition of “‘latch- 
up proof” requires the following test limits when using the 
standard DC power supply test as is shown in Figure 75. 


1. Inputs: When testing latch-up on CMOS inputs the cur- 
rent into these inputs should be limited to less than 
70 mA. Application of currents greater than this may 
damage the input protection poly resistor or input metali- 
zation, and prevent further testing of the IC. 

. Outputs: When testing outputs there is a limit to the met- 
alization’s current capacity. Output test currents should 
be limited to 200 mA. This limitation is due again to met- 
alization short term current capabilities, similar to inputs. 
Application of currents greater than this may blow out the 
output. 


. Supply: The power supply voltage is recommended to be 
7.0V which is at the absolute maximum limit specified in 
54HG/74HC and is the worst case voltage for testing 
latch-up. If a device latches up it will short out the power 
supply and self destruct. (Another Vendors HC may 
latch-up for example.) It is recommended that to prevent 
immediate destruction of other vendors parts that the 
power supply be current limited to less than 300 mA. 





In almost all instances at high temperature, if it is going to 
occur, latch-up will occur at current values between 
0-50mA. 


There are a few special considerations when trying to mea- 
sure worst case latch-up current. Measuring input latch-up 
current is straight forward, just force the inputs above or 
below the power supply, but to measure an output it must 
first be set to a high level when forcing it above Vcc, or toa 
low level when forcing it below ground. When measuring Tri- 
State outputs, the outputs should be disabled, and when 
measuring analog switches they should be either left open 
or turned off. 


To measure the transient behavior of the test device or to 
reduce IC heating effects a pulse generator can be used in 
place of the input supply and an oscilloscope with a current 
probe should then replace the current meter. Care should 
be exercised to avoid ground loops in the test hardware as 
this may short out the supplies. 


Although there are several methods of testing latch-up, this 
method is very simple and easy to understand. It also yields 
conservative data since manually controlling the supplies is 
a slow process which causes localized heating on the chip 
prior to latch-up, and lowers the latch-up current. 


6.0 CONCLUSION 


SCR latch-up in CMOS circuits is a phenomena which when 
understood can be effectively controlled both from the inte- 
grated circuit and system level. National’s proprietary 
CMOS process and layout considerations have eliminated 
CMOS latch-up in the MM54HC/MM74HC family. This will 
increase the ease of use and design of this family by negat- 
ing the need for extra SCR protection circuitry as well as 
very favorable impact system integrity and reliability. 
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Ta = 125°C 
FIGURE 15. Bench Test Setup for Measuring Latch-up 
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HCMOS Crystal Oscillators 


With the advent of high speed HCMOS circuits, it is possible 
to build systems with clock rates of greater than 30 MHz. 
The familiar gate oscillator circuits used at low frequencies 
work well at higher frequencies and either L-C or crystal 
resonators maybe used depending on the stability required. 
Above 20 MHz, it becomes expensive to fabricate funda- 
mental mode crystals, so overtone modes are used. 


TL/F/5347-1 
Crystal Equivalent Circuit 


TL/F/5347-2 
Reactance of Crystal Resonator 
FIGURE 1 


Basic Oscillator Theory 


The equivalent circuit of a quartz crystal, and its reactance 
characteristics with frequency are shown in Figure 7. Fr is 
called the resonant frequency and is where Ly and C, are in 
series resonance and the crystal looks like a small resistor 
Ri. The frequency Fa is the antiresonant frequency and is 
the point where L;—-C, look inductive and resonate with Co 
to form the parallel resonant frequency Fa, FR and Fa are 
usually less than 0.1% apart. In specifying crystals, the fre- 
quency Fr is the oscillation frequency to the crystal in a 
series mode circuit, and Fp is the parallel resonant frequen- 
cy. In a paralle] mode circuit, the oscillation frequency will 
be slightly below Fa where the inductive component of the 
Ly —Cy arm resonates with Co and the external circuit ca- 
pacitance. The exact frequency is often corrected by the 
crystal manufacture to a specified load capacitance, usually 
20 or 32 picofarads. 


TABLE I. Typical Crystal Parameters 


32 kHz 200 kHz 2 MHz 30 MHz 
Parameter/ fundamental] fundamental/ fundamental] overtone 


National Semiconducter 
Application Note 340 
Thomas B. Mills 


The Pierce oscillator is one of the more popular circuits, and 
is the foundation for almost all single gate oscillators in use 
today. In this circuit, Figure 2, the signal from the input to the 
output of the amplifier is phase shifted 180 degrees. The 
crystal appears as a large inductor since it is operating in 
the parallel mode, and in conjunction with Ca and Cg, forms 
a pi network that provides an additional 180 degrees of 
phase shift from output to the input. Ca in series with Cg 


CRYSTAL 
EQUIVALENT 


TL/F/5347-3 
FIGURE 2. Pierce Oscillator 


plus any additional stray capacitance form the load capaci- 
tance for the crystal. In this circuit, Ca is usually made about 
the same value as Cg, and the total value of both capacitors 
in series is the load capacitance of the crystal which is gen- 
erally chosen to be 32 pF, making the value of each capaci- 
tor 64 pF. The approximation equations of the load imped- 
ance, Z;, presented to the output of the crystal oscillator’s 
amplifier by the crystal network is: 


Xc2 
Z, =— 
Li RL 
Where Xc= —j/wCpg and R_, is the series resistance of the 
crystal as shown in Table |. Also w=2zaf where f is the 
frequency of oscillation. 


The ratio of the crystal network’s input voltage to it’s output 
voltage is given by: 


Ca and Cg are chosen such that their series combination 
capacitance equals the load capacitance specified by the 
manufacturer, ie 20 pF or 32 pF as mentioned. In order to 
oscillate the phase shift at the desired frequency around the 
oscillator loop must be 360° and the gain of the oscillator 
loop must be greater or equal to one, or: 


(Aa)(AF)= 1 
Where Ag is amplifier gain and Ar is crystal network voltage 
gain of the crystal 7 network: ea/eg. Thus not only should 
the series combination of Cg and Ca be chosen. The ratio of 
the two can be set to adjust the loop gain of the oscillator. 


For example if a 2 MHz oscillator is required. Then 
RL= 1000 (Table 1). If e4/eg=1 and the crystal requires a 
32 pF load so Cg=64 pF and then Ca becomes 64 pF also. 
The load presented by the crystal network is ZL= (47 (2 
MHz) (64 pF)2)/100= 16 kn. 
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The CMOS Gate Oscillator 


A CMOS gate sufficiently approaches the ideal amplifier 
shown above that it can be used in almost the same circuit. 
A review of manufacturers data sheets will reveal there are 
two types of inverting CMOS gates: 


a) Unbuffered: gates composed of a single inverting stage. 
Voltage gain in the hundreds. 


b) Buffered: gates composed of three inverting stages in 
series. Voltage gains are greater than ten thousand. 


CMOS gates must be designed to drive relatively large 
loads and must supply a fairly large amount of current. Ina 
single gate structure that is biased in its linear region so 
both devices are on, supply current will be high. Buffered 
gates are designed with the first and second gates to be 
much smaller than the output gate and will dissipate little 
power. Since the gain is so high, even a small signal will 
drive the output high or low and little power is dissipated. In 
this manner, unbuffered gates will dissipate more power 
than buffered gates. 


Both buffered and unbuffered gates maybe used as crystal 
oscillators, with only slight design changes in the circuits. 


Rr ~ 10 MQ 


T4HCU04 


ai Cy 62 pF 


TL/F/5347-4 
FIGURE 3. Typical Gate Oscillator 


In this circuit, Re serves to bias the gate in its linear region, 
insuring oscillation, while Ro provides an impedance to add 
some additional phase shift in conjunction with Cp. It also 
serves to prevent spurious high frequency oscillations and 
isolates the output of the gate from the crystal network soa 
clean square wave can be obtained from the output of the 
gate. Its value is chosen to be roughly equa! to the capaci- 
tive reactance of Cg at the frequency of oscillation, or the 
value of load impedance Z, calculated above. In this case, 
there will be a two to one loss in voltage from the output of 
the gate to the input of the crystal network due to the volt- 
age divider effect of Re and Z,. If Ca and Cg are chosen 
equal, the voltage at the input to the gate will be the same 
as that at the input to the crystal network or one half of the 
voltage at the output of the gate. In this case, the gate must 
have a voltage gain of 2 or greater to oscillate. Except at 
very high frequencies, all CMOS gates have voltage gains 
well in excess of 10 and satisfactory operation should result. 


Theory and experiment show that unbuffered gates are 
more stable as oscillators by as much as 5 to 1. However, 
unbuffered gates draw more operating power if used in the 
same circuit as a buffered gate. Power consumption can be 
minimized by increasing feedback which forces the gate to 
operate for less time in its linear region. 
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When designing with buffered gates, the value of Re or Cg 
may be increased by a factor of 10 or more. This will in- 
crease the voltage loss around the feedback loop which is 
desirable since the gain of the gate is considerably higher 
than that of an unbuffered gate. 


Ca and Cg form the load capacitance for the crystal. Many 
crystals are cut for either 20 to 32 picofarad load capaci- 
tance. This is the capacitance that will cause the crystal to 
oscillate at its nominal frequency. Varying this capacitance 
will vary the frequency of oscillation. Generally designers 
work with crystal manufacturers to select the best value of 
load capacitance for their application, unless an off the shelf 
crystal is selected. 


High Frequency Effects 
The phase shift thru the gate may be estimated by consider- 
ing it’s delay time: 

Phase Shift = Frequency X Time delay X 360° 


The “typical gate oscillator” works well at lower frequencies 
where phase shift thru the gate is not excessive. However, 
above 4 MHz, where 10 nsec of time delay represents 14.4° 
of excess phase shift, Ro should be changed to a small 
capacitor to avoid the additional! phase shift of Ro. The val- 
ue of this capacitor is approximately 1/wC where w= 2zf, 
but not less than about 20 pF. 


Re = 10 MQ 


U 
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FIGURE 4. Gate Oscillator for Higher Frequencies 


Improving Osclilator Stability 


The CMOS gate makes a mediocre oscillator when com- 
pared to a transistor or FET: It draws more power and is 
generally less stable. However, extra gates are often avail- 
able and are often pressed into service as oscillators. If 
improved stability is required, especially from buffered gate 
oscillators, an approach shown in Figure 5 can be used. 


Re = 10 MQ 





iia = 300 pF 


TL/F/5347-6 
FIGURE 5. Gate oscillator with improved stability 
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In this circuit, Ca and Cg are made large to swamp out the 
effects of temperature and supply voltage change on the 
gate input and output impedances. A small capacitor in se- 
ries with the crystal acts as the crystal load and further iso- 
lates the crystal from the rest of the circuit. 


Overtone Crystal Oscillators 


At frequencies above 20 MHz, it becomes increasingly diffi- 
cult to cut or work with crystal blanks and so generally a 
crystal is used in it's overtone mode. Also, fundamental 
mode crystals above this frequency have less stability and 
greater aging rates. All crystals will exhibit the same reac- 
tance vs. frequency characteristics at odd overtone fre- 
quencies that they do at the fundamental frequency. How- 
ever, the overtone resonances are not exact multiples of 
the fundamental, so an overtone crystal must be specified 
as such. 


In the design of an overtone crystal oscillator, it is very im- 
portant to suppress the fundamental mode, or the circuit will 
try to oscillate there, or worse, at both the fundamental and 
the overtone with little predictability as to which. Basically, 
this requires that the crystal feedback network have more 
gain at the overtone frequency than the fundamental. This is 
usually done with a frequency selective network such as a 
tuned circuit. 


The circuit in Figure 6 operates in the parallel mode just as 
the Pierce oscillator above. The resonant circuit La—Cg is 
an effective short at the fundamental frequency, and is 
tuned somewhat below the deferred crystal overtone fre- 
quency. Also, CL is chosen to suppress operation in the 
fundamental! mode. 


The coil La may be tuned to produce maximum output and 
will affect the oscillation frequency slightly. The crystal 
should be specified so that proper frequency is obtained at 
maximum output level from the gate. 


Some Practical Design Tips 


In the above circuits, some generalizations can be made 
regarding the selection of component values. 


fo=31 MHz 
Re=10 MQ 


i pF 


Cy — 


Rr: Sets the bias point, should be as large as practical. 


R1: tsolates the crystal network from the gate output and 
provides excess phaseshift decreasing the probability of 
spurious oscillation at high frequencies. Value should be ap- 
proximately equal to input impedance of the crystal network 
or reactance of Cg at the oscillator frequency. Increasing 
value will decrease the amount of feedback and improve 
stability. 

Cg: Part of load for crystal network. Often chosen to be 
twice the value of the crystal load capacitance. Increasing 
value will increase feedback. 


Ca: Part of crystal load network. Often chosen to be twice 
the value of the crystal load capacitance. Increasing value 
will increase feedback. 


Ci: Used in place of R1 in high frequency applications. 
Reactance should be approximately equal to crystal net- 
work input impedance. 


Oscillator design is an imperfect art at best. Combinations 
of theoretical and experimental design techniques should 
be used. 


A. Do not design for an excessive amount of gain around 
the feedback loop. Excessive gain will lead to instability 
and may result in the oscillator not being crystal con- 
trolled. 


. Be sure to worst case the design. A resistor may be 
added in series with the crystal to simulate worst case 
crystals. The circuit should not oscillate on any frequen- 
cy with the crystal out of the circuit. 


. A quick check of oscillator peformance is to measure the 
frequency stability with supply voltage variations. For 
HCMOS gates, a change of supply voltage from 2.5 to 6 
volts should result in less than 10 PPM change in fre- 
quency. Circuit value changes should be evaluated for 
improvements in stability. 
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FIGURE 6. Parallel Mode Overtone Circuit 
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1) TIMING AND CONTROL 


a) Input and Output Thresholds 


The MM74HC942/943 may be used in a CMOS or TTL envi- 
ronment. In a CMOS environment, no interfacing is required. 
If the MM74HC942/943 is interfaced to NMOS or bipolar 
logic circuits, standard interface techniques may be used. 
These are discussed in detail in National Semiconductor 
Application Note AN-314. This note is included in the Na- 
tional Semiconductor MM54HC/74HC High Speed micro- 
CMOS Logic Family Databook. 


b) Logic States and Control Pin Function 


Transmitted Data 


TXD (pin 11) in conjunction with O/A selects the frequency 
of the transmitted tone and thus controls the transmitted 
data. 


TXD = Vcc selects a “mark” and thus the high tone of the 
tone pair. This is discussed further in the following section. 


Originate and Answer Mode 


This is controlled by O/A (pin 13). O/A = Vcc selects origi- 
nate mode. O/A = GND selects answer mode. These 
modes refer to the tone allocation used by the modem. 
When two modems are communicating with each other one 
will be in originate mode and one will be in answer mode. 
This assures that each modem is receiving the tone pair 
that the other modem is transmitting. The modem on the 
phone that originated the phone call is called the originate 
modem. The other modem is the answer modem. 


The other pin controlling the transmitted tone is TXD (pin 
11). 


4) The Hybrid 
5) The Receive Filter 
6) The FTLC Pin 
7) The Carrier Detect Circuit 
a) Operation 
b) Threshold Contro! 
c) Timing Control 
8) The Discriminator 
a) The Hard Limiter 
b) Discriminator Operation 
9) Power Supplies 
a) DC Levels and Analog Interface 
b) Power Supply Noise 


Bell 103 Tone Allocation 


"ome foi Originate Modem 


| Transmit | 
Space | 1070Hz | 2025 Hz 2025 Hz 1070 Hz 
Mark 1270 Hz | 2225Hz } 2225Hz 1270 Hz 


Squelch Transmitter 


Transmitter squelch is achieved by putting SQT = Vcc 
(SQT is pin 14). The line driver remains active in this state 
(assuming ALB = GND). 

This state is commonly used during the protocol of estab- 
lishing a call. The originate user initiates a phone call with its 
transmitter squelched, and waits for a tone to be received 
before beginning transmission. During the wait time, the mo- 
dem is active to allow tone detection, but no tone may be 
transmitted. 

The state SQT = Vcc may also be used if the line driver is 
required but a signal other than modem tones (e.g., DIMF 
tones or voice) is to be transmitted. This is discussed further 
in Transmission of Externally Generated Tones (section 3d). 





Analog Loop Back 


ALB = Vcc, SQT = 
back”. (The state ALB = 
following section.) 

In analog loop back mode, the modulator output (at the line 
driver) is connected to the demodulator input (at the hybrid), 
and the demodulator is tuned to the transmitted frequency 
tone set. Thus the data on the TXD pin will, after some 


GND selects the state “analog loop 
SQT = Vcc is discussed in the 
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delay, appear at the RXD pin. This provides a simple “self 


test” of the modem. . 


The signal applied to the demodulator during analog loop 
back is sufficient to cause the carrier detect output CD to go 
low indicating receipt of carrier. 


In analog loop back mode, the modulator and transmitter 
are active, so the transmitted tone is not squelched. 


Power-Down Mode 


The state SQT = ALB = Vcc puts the MM74HC942/943 in 
power-down mode. In this state, the entire circuit except the 
oscillator is disabled. (The oscillator is left running in case it 
is required for a system clock). In power-down mode the 
supply current falls from 8 mA (typ) to 180 pA (typ), and all 
outputs, both analog and digital, TRI-STATE (become Hi-Z). 


Using TRI-STATE Capability 


CHIP WITH 
TRI-STATE 
OUTPUTS 


TO OTHER 
CIRCUITS 
‘ ‘Bus’ ’ 
CHIP 
SELECT 


TL/H/5531-1 
The ability of the outputs to TRI-STATE allows the modem 
to be connected to other circuitry in a bus-like configuration 
GND being the modem chip 


with the state SQT or ALB = 
select. 


c) The Oscillator 


The oscillator is a Pierce crystal oscillator. The crystal used 
in such an oscillator is a parallel resonant crystal. 


The Oscillator 


TL/H/5531-2 


The capacitors used on each end of the crystal are a combi- 
nation of on-chip and stray capacitances. This generally 
means the crystal is operating with less than the specified 
parallel capacitance. This causes the oscillator to run faster 
than the frequency of the crystal. This is not a problem as 
the frequency shift is small (approximately 0.1%). 


The oscillator is designed to run with equal capacitive load- 
ing on each side of the crystal. This should be taken into 
consideration when designing PC layouts. This need not be 
exact. 
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If a 3.58 MHz oscillator is available, the XTALD pin may be 
driven. The internal inverter driving this pin is very weak and 
can be overpowered by any CMOS gate output. 


The Oscillator and Power-Down Mode 


When the chip powers down, all circuits except the oscilla- 
tor are switched off. The oscillator is left running so it may 
be used as a clock to drive other circuits within the system. 


It is possible to shut the oscillator down by clamping the 
XTALS pin to Vcc or GND. This will cause the total chip 
current to fall to less than 5 A. This may be useful in bat- 
tery powered systems where minimizing supply current is 
important. 


Powering Down the Oscillator 


a= — 
- MM74HC942/943 


4 


1N4001, 
1N417, 
ETC. 
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2) MODULATOR SECTION 


a) Operation 


The modulator receives data from the transmit data (TXD) 
pin and synthesizes a frequency shift keyed, phase coher- 
ent sine wave to be transmitted by the line driver through 
the transmit analog (TXA) pin. Four different sine wave fre- 
quencies are generated, depending on whether the modem 
is set to the originate or answer mode and whether the data 
input to TXD is a logical high or low. See Timing and Control 
(section 1) for more information. 


The TXD and O/A pins set the divisor of a dual modulus 
programmable divider. This produces a clock frequency 
which is sixteen times the frequency of the carrier to be 
transmitted. The clock signal is then fed to a four bit counter 
whose outputs go to the sine ROM. The ROM acts like a 
four-to-sixteen decoder that selects the appropriate tap on 
the D/A converter to synthesize a staircase-approximated 
sine wave. A switched capacitor filter and a low pass filter 
smooth the sine wave, removing high frequency compo- 
nents and insuring that noise levels are below FCC regula- 
tions. 


b) Transmit Level Adjustment 


The maximum transmit level of the MM74HC943 is —9dBm. 
Since most phone lines attenuate the signal by 3 dB, the 
maximum level that will be received at the exchange is — 12 
dBm. This level is also the maximum allowed by most phone 
companies. The MM74HC942 has a maximum transmit lev- 
el of 0 dBm, making possible adjustments for line losses up 
to —12 dB. The resistor values required to adjust the trans- 
mit level for both the MM74HC942 and the MM74HC943 
follow the Universal Service Order Code and can be found 
in the data sheets. 





This resistor added between the TLA pin and Vcc serves to 
control the voltage reference at the top of the D/A ladder, 
adjusting output levels accordingly. 


Note that for transmission above —9 dBm the required re- 
sistor must be chosen with the co-operation of the relevant 
phone company. This resistor is usually wired into the 
phone jack at the installation as the resistor value is specific 
to the particular phone line. This is called the Universal Reg- 
istered Jack Arrangement. This arrangement is possible 
only with the MM74HC942 because of the dynamic range 
constraints of the MM74HC943. 


The Modulator 


PROGRAMMABLE 
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CONTROL 

D/A REFERENCE 
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3) THE LINE DRIVER 


a) Operation 


The line driver is a class A power amplifier for transmitting 
the carrier signals from the modulator. It can also be used to 
transmit externally generated tones such as DTMF signals, 
as discussed in section 3d. When used for transmitting mo- 
dem-produced tones, the external input (EXI) pin should be 
grounded to pin 19 for both the MM74HC942 and the 
MM74HC943. The line driver output is the transmit analog 
(TXA) pin. 


The Line Driver Equivalent Schematic 
+Vcc 


TRANSMIT 
LEVEL 
ADJUST 
CIRCUIT 
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b) Second Harmonic Distortion 


If the modem is operating in the originate mode, the line 
driver output has frequencies of 1070 Hz for a space and 
1270 Hz for mark. The second harmonic for a space fre- 
quency is at 2140 Hz, and this falls in the originate modem’s 
receive frequency band from 2025 Hz to 2225 Hz. While the 
modulator produces very little second harmonic energy, the 
amplifier has been designed not to degrade the analog out- 
put any further. The result is that the second harmonic is 
below —56 dBm. Thus it is well below the minimum carrier 
amplitude recognized by the demodulator. 


c) Dynamic Range 


The decision to use the MM74HC942 or the MM74HC943 is 
a tradeoff between output dynamic range and power supply 
constraints. The power supply is discussed in another sec- 
tion. The MM74HC942 will transmit at 0 dBm while the maxi- 
mum transmit level of the MM74HC943 is —9 dBm. This 
level applies to externally generated tones as well as the 
standard modem tone set. 


It is important to realize that the signal levels referred to 
above, and in the data sheet’s specifications, are the levels 
referred to a 6002 load resistor (representing the phone 
line) when driven from the external 600N source resistor. 
Also, the transmit levels discussed previously are maximum 
values. Typical values are 1 dB to 2 dB below these. 


d) Transmission of Externally Generated Tones 


Since a phone line connection is usually made on the TXA 
pin, it may be useful to use the line driver to transmit DTMF, 
voice or other externally generated tones. Both the inverting 
and non-inverting inputs to the line driver are available for 
this purpose. A DTMF tone generator with a TRI-STATE 
output may instead be directly connected to the same node 
as the TXA pin rather than the line driver. The choice of 
which method to use depends on whether the MM74HC942 
or MM74HC943 is being used and the signal level of the 
transmission. Most phone companies allow DTMF tone gen- 
eration at 0 dBm. This level is the maximum that the 
MM74HC942 can produce and is beyond the range of the 
MM74HC943. 


If the line driver is to be used for external tone generation, 
the modem must be powered up and the transmission must 
be squelched by the SQT pin being held high. This will dis- 
able the output of the modulator section. The choice be- 
tween the EXI pin and DSI pin is up to the user. The EX! pin 
gives a fixed gain of about 2. The DSI input allows for ad- 


‘justable gain as a series resistor is necessary. 


Using the DSI Input 
T 20k T 


Rosi 


MM74HC942—GND | 
MM74HC943—GNDA 


MM74HC942/943 
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A better solution may be to use the power-down mode of 
the MM74HC942/943 with a DTMF tone generator that has 
a TRI-STATE output. Such a device is a TP53130 and is 
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shown in the diagram following. When the tone generator is 
not in use and the modem is not squelched, the DTMF gen- 
erator’s output is in TRI-STATE. Rather than using the line 
driver, the tone generator’s output is instead connected to 
the same node as the TXA pin. The tone generator is active 
when the modem is in power-down. Power-down TRI- 
STATEs the TXA output. , 


Interfacing to DTMF Generator 
Using TRI-STATE Feature 


ALB 
MM74HC942 
MODEM TXA 
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4) THE HYBRID 

The MM74HC942/943 has an on-chip hybrid. (A hybrid in 
this context refers to a circuit which performs two-to-four 
wire conversion.) 

Under ideal conditions the phone line and isolation network 
have an equivalent.input impedance of 6009. Under these 
conditions the gain from the transmitter to the op amp output 


is zero, while the gain from the phone line to the op amp 
output is unity. Thus the hybrid, by subtracting the transmit- 
ted signa! from the total signal on the phone line, has re- 
moved the transmitted component. 


Unfortunately, these ideal conditions rarely exist and filter- 
ing is used to remove the remaining transmitted signal com- 
ponent. This is discussed further in the next section. 


Note that the signals into the hybrid must be referred to 
GND in the MM74HC942 and GNDA in the case of the 
MM74HC943. Thus blocking capacitors are required in the 
latter case. This is discussed further in DC Levels and Ana- 
log Interface (section 9a). 


5) THE RECEIVE FILTER 


The signal from the hybrid is a mixture of transmitted and 
received signals. The receive filter removes the transmitted 
signals so only received signal goes to the discriminator. 


The receive filter may be characterized by driving RXA1 or 
RXA2 with a signal generator. The filter response may then 
be observed at the FTLC pin with the capacitor removed. In 
this state the output impedance of the FTLC pin is 16 kN 
nominal. 


6) THE FTLC PIN 


The FTLC pin is at the point of the circuit where the receive 
filter output goes to the hard limiter input and the carrier 
detect circuit input. 


The signal at the output of the receive filter may be as low 
as 7 mVrms. It is thus important that the wiring to the FTLC 
pin and the associated circuit be clean. ideally the track 
from the capacitor to pin 19 (GND on the MM74HC942, 
GNDA on the MM74HC943) should be shared by no other 
devices. 


If these precautions are not observed, circuit performance 
may be unnecessarily degraded. 


The Hybrid 
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The FTLC Pin and Associated Circuitry 
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7) THE CARRIER DETECT CIRCUIT 


a) Operation 

The carrier detect circuit senses if there is carrier present on 
the line. If carrier is not present, the data output is clamped 
high. 

The RC circuit filters the DC from the output of the receive 
filter. The comparator inputs are thus the filter output, and 
the DC level of the receive filter minus the controlled offset. 
The controlled offset sets the amount that the AC signal 
must exceed the DC level (and thus the AC amplitude) be- 
fore the comparator switches. When this happens, the com- 
parator output sets a resettable one-shot which converts 
the periodic comparator output to a continuous signal. This 
signal then controls the time delay set by the CDT pin. After 
the preset time delay the CD bar output goes low. This shifts 
the comparator offset providing hysteresis to the overall cir- 
cuit. 


b) Threshold Control 


The carrier detect threshold may be adjusted by adjusting 
the voltage on the CDA pin. 


The carrier detect trip points are nominally set at —43 dBm 
and —46 dBm. The CDA pin sits at a nominal 1.2V. The 
carrier detect trip points are directly proportional to the volt- 
age on this pin, so doubling the voltage causes a 6 dB in- 
crease in the carrier detect trip points. Similarly, halving the 
voltage causes a 6 dB decrease in carrier detect trip points. 
Note that as the carrier detect trip point is reduced, the 
system noise will approach the carrier level, and the accura- 
cy and predictability of the carrier detect trip points will de- 
crease. 


The output impedance of the CDA pin is high. !t is constant 


(+£10%) from die to die but has a very high temperature 
coefficient. It is thus advisable, if the CDA pin is driven, to 
drive from a low source impedance. 


Because the output impedance of the CDA pin is high, ca- 
Pacitive coupling from the adjacent XTALD pin can present 
a problem. For this reason a 0.1 pF capacitor is usually 
connected from the CDA pin to ground. If the CDA pin is 
driven from a low impedance source, this capacitor may be 
omitted. 

lf a resistor is connected from the CD bar pin to the CDA 
pin, the CDA voltage will vary depending on whether carrier 
is detected. This will effectively increase the carrier detect 
hysteresis. 


Increased Carrier Detect Hysteresis 


[" wmreicotz7os3 1, 
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Similarly an inverter and a resistor from the CD bar pin to 
the CDA pin will reduce the hysteresis. This is not recom- 
mended as the 3 dB nominal figure chosen is close to the 
minimum value useable for stable operation. 


c) Timing Control 
The capacitor on the CDT pin adjusts the amount of time 


that carrier must be present before the carrier is recognized 
as valid. 


Carrier Detect Block Diagram 
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This circuit is designed for a long off-to-on time compared to 
the on-to-off time. This means carrier must be present and 
stable to be acknowledged, and that if carrier is marginal it 
will be rejected quickly. 


The equations for the capacitor value are 
Ton-to-off = C X 0.54 seconds 

and “os 
Toff-to-on = C X 6.4 seconds. 


The ratio of on-to-off and off-to-on times may be adjusted 
over a narrow range by the addition of pull-up or pull-down 
resistors on the CDT pin. 


The repeatability of the times is high from die to die at fixed 
temperature, but is strongly temperature dependent. The 
times will shift by approximately +30% over process and 
temperature. 


8) THE DISCRIMINATOR 
a) The Hard Limiter 


RECEIVE 
FILTER OUTPUT 
OUTPUT 
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The signal to the inverting input of the comparator has the 
same DC component as the signal to the non-inverting in- 
put. The differential input to the comparator is thus the AC 
component of the filter output. The comparator has very low 
input offset and so the limiter will operate with very low input 
signal levels. 


The demodulator employed requires an input signal having 
equal amplitude for a mark and a space. It also requires a 
high level signal. The hard limiter converts all signals to a 
square wave. All amplitude information is lost but frequency 
information is retained. 


FROM 
RECEIVE LIMITER 
FILTER 


By removing the capacitor from the FTLC pin, the hard limit- 
er ceases to operate, but the filter output may be observed. 
This is useful for circuit evaluation and testing. 


b) Discriminator Operation 


The discriminator separates the incoming energy into mark 
and space energy. This occurs in the band pass filters which 
are tuned to the mark and space frequencies. The outputs 
of the mark and space band pass filters are rectified to ex- 
tract the output amplitudes. The rectifier outputs are filtered 
to remove ripple. The low pass filter outputs are compared 
to determine if the mark or space path is receiving greater 
energy, and thus if the incoming data is a mark or a space. 


The output of the discriminator is only valid if carrier is being 
received. If carrier is not being received (as determined in 
the carrier detect circuit) the RXD output is clamped high. 
This stops the discriminator from attempting to demodulate 
a signal which is too low for reliable operation. 


9) POWER SUPPLIES 


a) DC Levels and Analog Interface 


The MM74HC942 refers all analog inputs and outputs to 
GND (pin 19). The analog interface ‘thus requires no DC 
blocking capacitors. j 


The MM74HC943 refers all analog inputs and outputs to 
GNDA (pin 19) which requires a nominal 2.5V supply. The 
current requirements of GNDA are low, so the GNDA supply 
may be derived with a simple resistive divider. The GNDA 
supply can then be referenced to GND using capacitors. 
This GNDA supply will have poor load regulation so the high 
current interface must be connected to GND and a DC 
blocking capacitor used. 


As the FTLC capacitor is connected to the input of the hard 
limiter, any noise on the FTLC ground return will couple di- 
rectly into this circuit. The signal on FTLC may be only milli- 
volts, so it is important that the FTLC capacitor ground be at 
the same potential as the chip’s ground reference. Thus 
when using the MM74HC943 the FTLC capacitor ground 
return should go directly to GNDA (pin 19). For both the 
MM74HC942 and MM74HC943 this ground return should 
be shared by no other circuits. Failure to observe this pre- 
caution could result in unnecessary reduction of dynamic 
range and carrier detect accuracy, and an increase in error 
rate. 


pL 
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b) Power Supply Noise 


It is important that the power supplies to the MM74HC942/ 
943 be stable supplies, having low noise, particularly in the 
frequency band from 50 kHz to 10 MHz. 


The MM74HC942/943 use switched capacitor techniques 
extensively. A feature of switched capacitor circuits is their 
ability to translate noise from high frequency bands to low 
frequency bands. At the same time it is difficult to design op 
amps with high power supply rejection at high frequencies. 
(The MM74HC942/943 has 19 op amps internally.) As a 
result the high frequency PSSR of the MM74HC942/943 is 
not high, so high frequency noise on the power supply can 
degrade circuit operation. 

This should not cause a problem if the circuits are powered 
from a three terminal regulator, and no other circuitry shares 
the regulator. Power supply noise could be a problem if: 

a) One or both of the power supplies are switching regulator 


circuits. Switching regulators can produce a lot of supply 
noise. 


b) The modem shares its supply with a large digital circuit. 
Digital circuits, particularly high speed CMOS (the HC fami- 
ly) can produce large spikes on the supplies. These spikes 
have wide spectral content. 


Ideally the modem could have its own supply. This may not 
be cost effective, so in some applications power supply fil- 
ters may be necessary. These may just be RC filters but LC 
filters may be necessary depending on the extent of the 
supply noise. Miniature inductors in half watt resistor pack- 
ages are cheap, lend themselves to automatic insertion, 
and are ideal for these filters. 

It is difficult to set specifications for a ‘‘clean” supply be- 
cause spectral density considerations are important. The 
following guidelines should be taken as ‘‘rule of thumb”: 

a) From 50 kHz to 20 MHz the ripple should not exceed 
—60 dBV. 


b) From DC to 50 kHz the ripple should not exceed 
—50 dBV. 


MM74HC942 Analog Interface 
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CMOS 300 Baud Modem 


INTRODUCTION 


The advent of low cost microprocessor based systems has 
created a strong demand for low cost, reliable means of 
data communication via the dial-up telephone network. The 
most widespread means for this task is the Bell 103 type 
modem, which has become the de facto standard of low 
speed modems. This type of modem uses frequency shift 
keying (FSK) to modulate binary data asynchronously at 
speeds up to 300 baud. 


The success of this type of modem, despite its modest 
transmission speed, is largely due to its ability to provide full 
duplex data transmission at low error rates even with uncon- 
ditioned telephone lines. It also has a significant cost advan- 
tage over the other types of modems available today. Ad- 
vances in CMOS and circuit design technology have made 
possible the MM74HC942—a high performance, low power, 
Bell 103 compatible single chip modem. This chip combines 
both digital and linear circuitry to bring the benefits of sys- 
tem level integration to modem and system designers. : 


THE PROCESS—microCMOS 


The chip was designed with National’s double poly CMOS 
(microCMOS) process used extensively for its line of PCM 
CODECs and filters. This is a self-aligned, silicon gate 
CMOS process with two layers of polysilicon, one of which 
is primarily used for gates of the MOS transistors. Thus 
there are three layers of interconnect available (two polysili- 
con and one metal layer) making possible a very dense lay- 
out. 
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The two polysilicon layers also offer a near perfect capacitor 
structure which is used to advantage in the linear portions of 
the chip. The self-aligned silicon gate P and N-channel 
MOSFETs combine high gain with minimal parasitic gate-to- 
drain overlap capacitance, facilitating the design of opera- 
tional amplifiers with high gain-bandwidth product and ex- 
cellent dynamic range. 7 


CHIP ARCHITECTURE 


The chip architecture was arrived at after critically evaluat- 
ing several trial system partitionings of the Bell 103 type 
data set. The overriding goal was to integrate as much of 
the function as possible without sacrificing versatility and 
cost effectiveness in new applications. The resulting chip 
architecture reflects this philosophy. Since the majority of 
users of this device would probably be digital designers un- 
familiar with filter design and analog signal processing, in- 
clusion of these functions was thus mandatory. The preci- 
sion filters needed for a high performance modem also 
make discrete implementations expensive. On the other 
hand, the majority of new systems will typically include a 
microprocessor which is quite capable of handling the chan- 
nel establishment protocol. Besides, different systems may 
require different protocols. Circuitry for this task was there- 
fore omitted. 


A block diagram illustrating the chip architecture is shown in 
Figure 1. The on-chip line driver and line hybrid greatly sim- 
plify interfacing to the phone line by saving two external op 
amps. The output of the line hybrid, which is used to reduce 
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FIGURE 1. Chip Architecture of the MM74HC942 


Reprinted from Midcon/82 
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the effect of the local transmit signal on the received signal, 
goes to a programmable receive bandpass filter. This filter 
improves the signal-to-noise ratio at the input of the fre- 
quency discriminator, which performs the actual FSK de- 
modulation. The output of the receive filter is also monitored 
by a carrier detector which compares the amplitude of the 
received signal to an externally adjustable threshold level. 


The modulator consists of a frequency synthesizer which 
generates a clock at a frequency determined by the TXD 
(transmit data) and O/A (originate/answer) inputs. This is 
subsequently shaped by the sine converter into the final 
modulated transmit carrier signal. 


All internal clocks and control signals are derived from an 
on-chip oscillator operating from a common 3.58 MHz TV 
crystal. On-chip control logic allows the modem to be set to 
answer or originate mode operation, or to an analog loop- 
back mode via the O/A and ALB inputs respectively. The 
line driver can be squelched via the SQT input, which typi- 
cally occurs during the channel establishment sequence. 


Another feature of this design not obvious from the block 
diagram of Figure 7 is that the chip can be powered down by 
asserting the ALB and SQT inputs simultaneously, a condi- 
tion that does not occur during normal operation. This cuts 
power consumption to typically under 50 pA, making it very 
suitable for battery operation. 


DEMODULATOR 
Receive Filter 


This is a nine pole, switched capacitor1.2 bandpass filter. It 
is programmable by internal logic to one of two passbands, 
corresponding to originate or answer mode operation. The 
measured frequency response of the filter is shown in Fig- 
ure 2. |t shows that better than 60 dB of adjacent channel 
rejection has been achieved. Note also the deep notches at 
the frequencies of the locally transmitted tone pair. 


ANSWER MODE 


ORIGINATE MODE 


AMPLITUDE (dB) 


2k 
FREQUENCY (Hz) 
TL/H/5532-2 
FIGURE 2. Measured Frequency Response of the 
Receive Filter 


A key design goal was to minimize the delay distortion of the 
filter. This has also been met as evidenced by the delay 
response curves shown in Figures 3a and 3b. These curves 
have been normalized to the delays at 1170 Hz and 
2125 Hz respectively. They show that the delay distortion in 
the 1020 Hz to 1320 Hz band is approximately 70 ys, while 
that in the 1975 Hz to 2275 Hz band is approximately 110 
ps. These bands contain all the significant sidebands of a 
300 baud FSK signal. The low delay distortion of the receive 
filter translates directly into low jitter in the demodulated 
data. 
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NORMALIZED DELAY (uS) 


1200 
FREQUENCY (Hz) 


1300 


TL/H/5532-3 
FIGURE 3a. Normalized Delay Response of the Receive 
Filter in Answer Mode 


NORMALIZED DELAY (xs) 





2100 
FREQUENCY (Hz) 


2200 2300 


TL/H/5532-4 


FIGURE 3b. Normalized Delay Response of the Receive 
Filter in Originate Mode 


An on-chip, second order, real time anti-aliasing filter pre- 
cedes the receive filter. This masks the sampled data na- 
ture of the switched capacitor design from the user, contrib- 
uting to the ease of use of the chip. 


Frequency Discriminator 


Referring to Figure 4, the filtered receive carrier is first hard 
limited to remove any residual amplitude modulation. It is 
then split into two parallel, functionally indentical paths, 
each consisting of a second order bandpass filter (BPF), a 
full wave detector and a post detection lowpass filter (LPF). 


The bandpass filter in the upper path is tuned to the ‘mark’ 
frequency, and that in the lower path to the ‘space’ frequen- 
cy. The detectors are full wave rectifier circuits which, to- 
gether with the post detection filters, measure the energy in 
the mark and space frequencies. These are compared by 
the trailing comparator to decide whether a mark or space 
has been received. 
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FIGURE 4. Block Diagram of the Frequency Discriminator 


Carrier Detector 


The carrier detector compares the output of the receive fil- 
ter against an externally adjustable threshold voltage. Re- 
ferring back to Figure 7, if the CDA (carrier detect adjust) pin 
is left floating, the threshold is nominally set to ON at 
-—44 dBm, and OFF at —47 dBm. This can be modified by 
forcing an external voltage at the CDA input. If the received 
carrier exceeds the set threshold, the CD (carrier detect) 
output will go low after a preset time delay. This delay is set 
externally by a timing capacitor connected to the CDT (carri- 
er detect timing) pin. 


MODULATOR 


As shown in Figure 5, the modulator consists of a frequency 
synthesizer and a sine wave converter. The transmit data 
(TXD) and mode (O/A) inputs set the divisor of a dual modu- 
lus programmable divider. This produces a clock at sixteen 
times the frequency of the transmitted tone. This then 
clocks a four bit counter, whose states represent the volt- 
age levels corresponding to the sixteen time slots in one 
cycle of a staircase approximated sine wave. The sine ROM 
decodes the state of the counter and drives a digital-to-ana- 
log converter to synthesize the frequency shift keyed sine 
wave. This modulator design also preserves phase coher- 
ence in the transmit carrier across frequency excursions. 


PROGRAMMABLE DIVIDE BY 
DIVIDER 16 COUNTER 
MODULUS 
CONTROL 
D/A REFERENCE 
GENERATOR 


D/A 
CONVERTER 





TRANSMIT 
CARRIER 
(fc) 
TL/H/5532-6 
FIGURE 5. Modulator Block Diagram 
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The reference voltage for the digital-to-analog converter is 
derived from a reference generator controlled by an exter- 
nal resistor (RTLA). This allows the transmit signal level to 
be programmable in accordance with the Universal Service 
Order Code. This code specifies the programming resist- 
ances corresponding to various transmit levels. If no exter- 
nal resistor is connected, the transmit level defaults to 
—12 dBm. 


The synthesized sine wave is filtered by a second order, real 
time low pass filter to remove spurious harmonics before 
being fed to the line driver amplifier. 


LINE INTERFACE 


Line Driver 


This is a class A power amplifier designed to drive a 6000 
line through an external 600 terminating resistor. With the 
proper transmit level programming resistor installed, it will 
drive the line at 0 dBm when operated from +5V supplies. 
The quiescent current of the output stage of the driver var- 
ies with the programmed transmit level to maximize the effi- 
ciency of the amplifier. A class A design was chosen mainly 
because it can tolerate a wider range of reactive loads. 


As shown in Figure 6, both inverting and non-inverting in- 
puts of the driver amplifier are accessible externally, making 
it easy to accommodate an external signal source, such as 
a tone dialer. An external capacitor can also be connected 
between the inverting input and the amplifier output to give it 
a lowpass response. 

Line Hybrid : 

The line hybrid is essentially a difference amplifier which, 
when connected as shown in Figure 6, causes the transmit 
carrier to appear as common-mode signal and be cancelled 
from the output. If the termination resistor (Rt) and phone 
line impedance are perfectly matched, the output of the line 
hybrid would be just the received carrier. In practice, perfect 
matching is impossible and 10 dB to 20 GB of transmit carri- 
er rejection is more realistic. The residual is more than ade- 
quately rejected by the receive filter of the demodulator. 


TIMING AND CONTROL 


This includes an oscillator amplifier, divider chain and inter- 
nal control logic. The oscillator, in conjunction with an exter- 
nal 3.58 MHz TV crystal and the divider chain, provides all 
the interna! clocks for the switched capacitor circuits and 
the frequency synthesizer. The control logic orchestrates 
the various operating modes of the chip (e.g., originate, an- 
swer or analog loop-back modes). 





APPLICATIONS 


Figure 7 shows the MM74HC942 in an acoustically coupled 
modem application. It demonstrates the simplicity of the re- 
sulting design and a dramatic reduction in parts count. Fig- 
ure & shows two typical direct connect modem applications. 
The simplicity of these circuits is again evident. 


MM74HC942 


TRANSMIT CARRIER 
FROM MODULATOR 


TO RECEIVE 
FILTER 


UNE HYBRIO 


The simple power supply requirement (+5V), low power 
(60 mW when transmitting at -—9 dBm, 0.5 mW standby) 
and low external component count makes the MM74HC942 
an efficient implementation of the 300 baud modem func- 
tion. 
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FIGURE 6. Typical Interface Between the MM74HC942 and the Phone Line 
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FIGURE 7. Typical Implementation of an Acoustically Coupled Modem Using the MM74HC942 
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OR 
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RXAT 


| 


TL/H/5532~10 


TL/H/5532-9 
FIGURE 8. Typical Implementations of Direct Connect Modems Using the MM74HC942 


SUMMARY 


e Full duplex originate or answer mode operation 


In conclusion, the MM74HC942 integrates the entire data » Low power operation, power-down mode 


path of a Bell 103 type data set into a 20-pin package with 


the following features: 

© On-chip 9 pole receive filter 

© Carrier detector with adjustable threshold 

¢ Analog demodulator with low bit jitter and bias 


e Phase coherent modulator with low spurious harmonics 


© 6002 line driver with adjustable transmit level 
© On-chip line hybrid 


© Simple supply requirements (+5V) 
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An Introduction to 

and Comparison of 
54HCT/74HCT TTL 
Compatible CMOS Logic 


The 54HC/74HC series of high speed CMOS logic is unique 
in that it has a sub-family of components, designated 
54HCT/74HCT. Generally, when. one encounters a 54/74 
series number, the following letters designate some speed 
and power performance, usually determined by the technol- 
ogy used. Of course, the letters HC designate high speed 
CMOS with the same pinouts and functions as the 54LS/ 
74LS series. The sub-family of HC, called HCT, is nearly 
identical to HC: with the exception that its input levels are 
compatible with TTL logic levels. 


This simple difference can, however, lead to some confu- 
sion as to why HCT is needed; how HCT should be used; 
how it is implemented; when it should be used; and how its 
performance compares to HC or LS. This paper will attempt 
to answer these questions. 


It should also be noted that not ali HCTs are the same. That 
is, HCTs from other vendors may have some characteristics 
that are different. Thus, when discussing general character- 
istics this paper will directly address National Semiconduc- 
tor’s 54HCT/74HCT which is compatible with JEDEC 
standard 7. Other vendors’ ICs which also meet this stan- 
dard will probably have similar characteristics. 


WHY DOES HCT EXIST? 


Ideally, when a designer sits down to design a low power 
high speed system, he would like to use 54HC/74HC, and 
CMOS LSI components. Unfortunately, due to system re- 
quirements he may have to use NMOS microprocessors 
and their NMOS or bipolar peripherals or bipolar logic 
(54S/74S, 54F/74F, 54ALS/74ALS, or 54AS/74AS) 


TYPICAL 
LS=TTL OUTPUT 


National Semiconductor 
Application Note 368 
Larry Wakeman 


because either the specific function does not exist in CMOS 
or the CMOS device may not have adequate performance. 
Since the system designer still desires to use HC where 
possible, he will mix HC with these products. If these devic- 
es are specified to be TTL compatible, incompatibilities may 
result at the interface between the TTL, NMOS, etc. and 
HC. 


More specifically, in the case of where a TTL or NMOS out- 
put may drive an HC input, a specification incompatibility 
results. Table | lists the output drive specifications of TTL 
compatible outputs with the input specifications of 54HC/ 
74HC. Notice that the output high level of a TTL specified 
device will not be guaranteed to have a logic high output 
voltage level that will be guaranteed to be recognized as a 
valid logic high input level by HC. A TTL output will be equal 
to or greater than 2.4V, but an HCMOS input needs at least 
3.15V. It should be noted that in an actual application the 
TTL output will pull-up probably to about Vcc minus 2 diode 
voltages, and HC will accept voltages as low as 3V as a 
valid one level so that in almost all cases there is no prob- 
lem driving HC with TTL. 


Even with the specified incompatibility, it is possible to im- 
prove the TTL-CMOS interface without using HCT. Figure 7 
illustrates this solution. By merely tying a pull-up resistor 
from the TTL output to Vcc, this will force the output high 
voltage to go to Voc. Thus, HC can be directly interfaced 
very easily to TTL. This works very well for systems with a 
few lines requiring pull-ups, but for many interfacing tines, 
HCT will be a better solution. 


STANDARD 
HC=CMOS INPUT 


TL/F/6751—-1 


FIGURE 1. Interfacing LS-TTL Outputs to Standard 
CMOS Inputs Using a Pull-Up Resistor 
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The input high logic level of HC is the only source of incom- 
patibility. 54HC/74HC can drive TTL easily and its input low 
level is TTL compatible. Again referring to Table |, the logic 
output of the TTL type device will be recognized to be a 
valid logic low (0) level, so there is no incompatibility here. 
Table Il shows that the specified output drive of HC is capa- 
ble of driving many LS-TTL inputs, so there is no incompati- 
bility here either (although one should be aware of possible 
fanout restrictions similar to that encountered when design- 
ing with TTL). 

The question then arises: since only the input high level 
must be altered, why not design CMOS logic to be TTL com- 
patible? 54HC/74HC was designed to optimize perform- 
ance in all areas, and making a completely TTL compatible 
logic family would sacrifice significant performance. Most 
importantly, there is a large loss of AC noise immunity, and 
there are speed and/or die size penalties when trying to 
design for TTL input levels. 


Thus, since it is obvious that there is a need to interface with 
TTL and TTL compatible logic, yet optimum performance 
would be sacrificed, a limited sub-family of HCT devices was 
created. It is completely TTL input compatible, which en- 
ables guaranteed direct connection of TTL outputs to its 
inputs. In addition, HCT still provides many of the other ad- 
vantages of 54HC/74HC. 


WHEN TO USE 54HCT/74HCT LOGIC 


The 54HCT/74HCT devices are primarily intended to be 
used to provide an easy method of interfacing between TTL 
compatible microprocessor and associated peripherals and 
bipolar TTL logic to 54HC/74HC. There are essentially two 
application areas where a designer will want to perform this 
interface. 


1. The first case is illustrated in Figure 2. In this case the 
system is a TTL compatible microprocessor. This figure 
shows an NS16XXX (any NMOS pP may be substituted) 
that is in a typical system and therefore must be inter- 
faced to 54HC/74HC. In this instance, the popular gate, 
buffer, decoder, and flip-flop functions provided in the 
54HCT/74HCT sub-family can be used to interface the 
many lines that come from TTL compatible outputs. It is 
also easy to upgrade this configuration to an a// CMOS 
system once the CMOS version of the microprocessor is 
available by replacing the HCT with HC. 


. A second application is, when in speed-critical situations 
a faster logic element than HC, probably ALS or AS, must 
be used in a predominantly 54HC/74HC system, or a 
specific logic function unique to TTL is placed into an HC 
design. This situation is illustrated in Figure 3. In this 
case, pull-up resistors on an HC input may be sufficient, 
but if not, then an HCT can be used to provide the guar- 
anteed interface. 


TABLE I. Output Specifications for LS-TTL and NMOS LSI 
Compared to the Input Specifications for HCT and HC 


_ LS Output 


HCT Input 


| NMosoutput | _HCinputs | 
| Your | tour_| Vour | tour | vin {| tw | vw | Ww _| 


Sinaivien 


400 pA 


Voc = 4.5V 


Note the specified incompatibility between the output levels and HC input levels. 


TABLE Il. 54HC/74HC and 54HCT/74HCT Output Specifications 


Compared to 54LS/74LS TTL Input Specifications and Showing Fanout 


| Hcoutput | HoToutput_ | LSinputs 
Yor | tour_| vour | tour_| vo | tw | Fenout 


Standard Output Output High 


rears Tow fare | 


Bus Output 





| 40a | 


Both HC and HCT output specifications are the same for the two sets of output types. 


Voc = 4.5V 
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FIGURE 2. Applications Where a TTL Compatible NMOS 
Microprocessor is Interfaced to a CMOS System 
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FIGURE 3. A Conceptual Diagram Showing How HCT May Be Used to Interface a 
Faster ALS Part or Some Unique TTL Function in a CMOS System 


The functions chosen for implementation in 54HCT/74HCT 
were chosen to avoid the undesirable situation where the - 
designer is forced to add in an extra gate solely for the 
interface. A variety of HCT functions are provided to not 
only interface to HC, but to perform the desired logic func- 
tion at the same time. 


Although not the primary intention, a third use for 54HCT/ 
74HCT is as a direct plug-in replacement for 54LS/74LS 
logic in already designed systems. If HCT is used to replace 
LS, power consumption can be greatly reduced, usually by a 
factor of 5 or so. This lower power consumption, and hence 
less heat dissipation, has the added advantage of increas- 
ing system reliability (in addition to the greater reliability of 
54HC/74HC and 54HCT/74HCT). This is extremely useful 
in power-critical designs and may even offer the advantage 
of reduced power supply costs. 


One note of caution: when plug-in replacing HCT for TTL, 
54HCT/74HCT (as well as 54HC/74HC) does not have 
identical propagtion delays to LS. Minor differences will oc- 
cur, aS would between any two vendors’ LS products. To be 
safe, it is recommended that the designer verify that the 
performance of HCT is acceptable. 
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PERFORMANCE COMPARISON: HCT vs HC LS-TTL 


To enable intelligent use of HCT in a design, both for the 
interface to NMOS or TTL and for TTL replacement applica- 
tions, it is useful to compare the various performance pa- 
rameters of HCT to those of HC and LS-TTL. 


Input/Output Voltages and Currents 


Table I!l tabulates the input voltages for LS-TTL and LS-TTL 
compatible ICs, HCT, and HC. Since HCT was designed to 
have TTL compatible inputs, its input voltage levels are the 
same. However, the input currents for HCT are the same as 
HC. This is an advantage over LS-TTL, since there are no 
fanout restrictions when driving into HCT as there are when 
driving into LS. 


Referring to Table Il, the output voltage and current specifi- 
cations for HC and HCT gates are shown. As can be seen, 
the output specifications of HCT are identical to HC. This 
was chosen since the primary purpose of HCT is to drive 
into HC as the interface from other logic. 
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There are some differences as to how LS-TTL, ALS-TTL 
and AS-TTL outputs are specified when compared to HCT 
(or HC), as shown in Table IV. The military parts are easy to 
compare. HC/HCT has the same Iq, as LS and much great- 
er IoH. At the commercial temperature range a direct com- 
parison is difficult. LS has a higher output current, but also a 
higher output voltage and narrow operating temperature 
range. Taking these into account, the output drive of 74HC/ 
HCT is roughly the same as LS. 


In the HC family, there is a higher output drive specified for 
bus compatible devices. Again, HCT is identical. As can be 
seen back in Table Il, the bus drive capability of both HC 
and HCT are identical, and both source and sink currents 
are symmetrical. This increased drive over standard devices 
provides better delay times when they are used in high load 
capacitance bus organized CMOS systems. 


Both HC and HCT also have another voltage/current speci- 
fication which is applicable to CMOS systems. This is the no 
load output voltage. In CMOS systems, usually the DC out- 
put drive for a device need not be greater than several pA 
since all CMOS inputs are very high impedance. For this 
reason, there is a 20 pA output voltage specification which 
says that 54HC/74HC and 54HCT/74HCT will pull to within 
100 mV of the supplies. 


NOISE MARGIN TRADEOFFS WITH HCT 


The nominal trip point voltage for an HCT device has been 
designated to be around 1.4V, as compared to the 2.5V for 
a standard HC device. This will degrade the ground level 
noise margin for HCT by almost a volt. HC, on the other 
hand, has its trip point set to offer optimal noise margin for 
both Vcc and ground. 


This may be a minor point since normally HCT is mixed with 
TTL and in this case the worst-case system noise margin is 
defined by the TTL circuits. If the HCT is being driven only 
by HC and not LS, then the worst-case Vcc margin is deter- 
mined by the HC devices. This is not a normal usage, but 
may occur if, for example, some spare HCT logic can be 
utilized by HC to save chip count. Figure 4 graphs input 
noise margin for HC, HCT in an LS application and HCT 
being driven by HC. As one can see, the HC has a large Voc 
and ground noise margin, the HCT interfacing from LS has a 
margin equal to LS, and the HCT interfacing from HC has a 
skewed margin. : 


5.0 
4.0 


3.0 


INPUT/OUTPUT VOLTAGE (V) 





(a) 


HM = specified data sheet performance 


CJ = actual device performance 
TL/F/6751-4 
FIGURE 4. Guaranteed and Typical Noise Margins for 
a) HC; b) HCT in TTL System; c) HCT in HC System 


TABLE III. A Comparison of Input Specifications for 54LS/74LS, NMOS-LSI, 54HC/74HC, and 54HCT/74HCT 


| tsinputs | _NMoS-Lsiinput_ | HCInputs | —HCTinput_ 
| vm | tw | Your | tour | vw | tw | vn 


Input High 


2.0V 


Voc = 4.5V 


The HCT specifications maintain the TTL compatible input voltage requirements and the HC input currents. 


TABLE IV. This Compares the Output Drive of HC and HCT to LS for both the Military 
Temperature Range and the Commercial Temperature Range Devices at Rated Output Currents 


Military Temperature Commercial Temperature* 
_ HC/HCT Output LS Output HC/HCT Output LS Output 


| inputigh_ | s.7v_ | 40ma_| 


3.7V 4.0mA 





Voc = 4.5V 


*The commercial temperature range for HC/HCT is —40°C to +85°C, but for LS is 0°C to + 70°C. 
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POWER CONSUMPTION OF HCT 


In normal HC applications, power consumption is essentially 
zero in the quiescent state but is proportional to operating 
frequency when operating. In LS, large quiescent currents 
flow which overshadow (except at very high frequencies) 
other dynamic components. 54HCT/74HCT is a combina- 
tion of these, depending on the application. Both quiescent 
and frequency-dependent power can be significant. 


Referring back to Figure 7, this figure shows an LS-TTL 
output driving an HCT input. To see how quiescent current 
is drawn, notice that it is possible to have valid TTL voltages 
of 2.7V and 0.4V (ignoring the pull-up resistor). With 0.4V on 
the HCT input, we find the input N-channel transistor OFF 
and the P-channel ON. Thus, the output of this stage is high. 
Also, since one of the P- or N-channel transistors is OFF, no 
quiescent current flows. However, when the HCT input is 
high, 2.7V, the N-channel is ON and the P-channel is slightly 
ON. This will cause some current to flow through both the 
transistors, even in the static state. 


Thus in a TTL application, HCT has the unusual characteris- 
tic that it will draw static current only when its inputs are 
driven by TTL (and TTL-like) outputs, and only when those 
outputs are high. Thus, to calculate total power, this quies- 
cent power must be summed with the frequency-dependent 
component. 

When HCT is driven by HC, as it possibly might be, the HC 
outputs will have high and low levels of Vcc and ground; 
never statically turning on both transistors simultaneously. 
Thus in this application, HCT will only dissipate frequency- 
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TL/F/6751-5 
FIGURE 5. Power Consumption of 74HCTO00 Being 
Driven by a) Worst-Case TTL Levels; 
b) Typical TTL Levels; c) CMOS Levels 


dependent power, and Cpp calculations can be made to 
determine power (see National Semiconductor Application 
Note, AN-303). In the latter application, HCT will dissipate 
the same amount of power as HC; in the first TTL applica- 
tion, the power dissipated will be more since there is also a 
DC component. 


To show this, Figure 5 plots power versus frequency for an 
HCTO0O being driven by HC, typical LS and worst-case LS. 
Notice that at the lower frequencies, the DC component for 
the TTL input is much greater; at higher frequencies, the two 
converge as the dynamic component becomes dominant. 


SPEED/PROPAGATION DELAY PERFORMANCE 


Of primary importance is the speed at which the compo- 
nents operate in a system. HCT was designed to have the 
same basic speeds as HC. This was accomplished in spite 
of the fact that HCT requires the addition of a TTL input 
translator, which will add to internal propagation delays. A 
second concern in the design was to maintain the required 
speeds while minimizing the possible power consumption of 
the input stage when driven to TTL high levels. 


These requirements dictated designing HCT on a slightly 
more advanced 3p N-well process, as well as increasing the 
die to help compensate for speed loss. This process is 
slightly faster than the standard HC process, and this en- 
ables the HCT parts to have the same delays as their HC 
counterparts, while minimizing possible quiescent currents. 
Figure 6 shows a comparison of 74HCT240 and 74HC240 
propagation delays, and they are identical. 


PROPAGATION DELAY (ns) 


80 120 160 
LOAD CAPACITANCE (pF) 
TL/F/6751-6 
FIGURE 6. Typical propagation delay vs load 
for 74HC240 and 74HCT240 are virtually the same. 
Slight differences result from different 
design and processing. 
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One interesting point is that HCT and HC speed specifica- 
tions are measured differently. One can compare the AC 
test waveforms in the HC databook and see that HC is mea- 
sured with OV—5V input waveforms and using 2.5V points on 
these waveforms. HCT, on the other hand, is tested like LS- 
TTL. HCT’s input waveforms are OV-3V and timing is mea- 
sured using the 1.3V on both the input and the output wave- 
forms. 


The different test conditions for HCT result because HCT 
will be primarily used in LS-TTL applications. If HCT is used 
in HC systems, the actual speeds will be slightly different, 
but the differences will be small (< 1 ns—2 ns). 


HC and HCT speeds are not identical to LS-TTL. Some de- 
lays will be faster and some slightly slower. This is due to 
inherent differences in designing with CMOS versus bipolar 
logic. For an average system implemented in HC or LS-TTL, 
the same overall performance will result. On an individual 
part basis, some speeds will differ, so the designer should 
not blindly assume that HC or HCT will duplicate whatever a 
TTL IC does. 


CMOS LATCH-UP AND ELECTROSTATIC 
DISCHARGE OF 54HCT/74HCT 


These two phenomena are not strictly performance related 
in the same sense that speed or noise immunity are. In- 
stead, latch-up and electrostatic discharge (ESD) immunity 
impact the ease of design, insusceptibility to spurious or 
transient signals causing a failure, and general reliability of 
54HCT/74HCT. 


Latch-up is a phenomenon that is a traditional problem with 
older CMOS families; however, as with 54HC/74HC, latch- 
up has been eliminated in 54HCT/74HCT circuits. In older 
CMOS, it is caused by forward biasing any protection diode 


on either an IC’s input or output. If enough current flows 
through the diode (as low as 10 mA), then it is possible to 
trigger a parasitic SCR (four layer diode) within the IC that 
will cause the Vcc and ground pins to short out. Once short- 
ed, the supply pins will remain so even after the trigger 


source is removed, and can only be stopped by removing 
power. Latch-up is described in much more detail in Nation- 
al Semiconductor Application Note AN-339, and, in particu- 
lar, a set of performance criteria is discussed. 


By a combination of process enhancements and some 
careful IC layout techniques, the latch-up condition cannot 
occur in 54HC/74HC or 54HCT/74HCT. If one attempts to 
cause latch-up by forcing current into the protection diodes, 
the IC will be overstressed in the same manner as over- 
stressing a TTL circuit. 


ESD has also been a concern with CMOS ICs. Primarily for 
historical reasons, MOS devices have always been consid: 
ered to be sensitive to damage due to static discharges. 
However, process enhancements and careful input protec- 
tion network design have actually improved 54HC/74HC 
and 54HCT/74HCT immunity to where it is actually better 
than bipolar logic. This includes 74ALS, 74LS, 74S, 74AS 
and 74F. ESD is measured using a standard military 38510 
ESD test circuit, which zaps the test device by discharging a 
100 pF capacitor through a 1.5 kN. resistor into the test 
circuit. ESD test data is shown in National Semiconductor 
Reliability Report, PR-11. 


CONCLUSION 


HCT is a unique sub-family designation of HC. It is intended 
primarily for TTL level to HC interfacing, although it is far 
from restricted only to this application. HCT can be used as 
a pin-for-pin socket replacement of TTL, or can be mixed 
with HG logic. 


54HCT/74HCT has the same speeds as HC and LS, the 
same noise immunity as TTL and a significantly lower power 
consumption than LS-TTL, although it is slightly greater than 
HC. Additionally, by providing latch-up immunity and low 
ESD sensitivity like the 54HC/74HC family, the overall sys- 
tem reliability and integrity is increased. All of these per- 
formance parameters enable HCT’s use in a wide range of 
applications. 
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High-Speed-CMOS designs 
address noise and 
1/0 levels 


National Semiconductor 
Application Note 375 
Larry Wakeman 


To maximize the benefits of high-speed CMOS, you must cope 
with environmental interactions and component limitations. 
Especially important are system noise decoupling and 
both transient and steady-state level control. 


Designs using high-speed-CMOS logic, such as the 
MM54HC/74HC Series, can attain characteristics that mark 
improvements over LS-TTL designs. To optimize these 
characteristics, however, you must adopt proper design pro- 
cedures. This article deals with the ICs’ input-output and 
noise-immunity considerations. 


High-speed CMOS logic is essentially a digital-IC family that 
combines TTL (bipolar) and CD4000 (CMOS) characteris- 
tics. Because of the family’s high speed, you must be more 
aware of the requirements of fast systems than in the case 
of CD4000B logic. Although the 54HC/74HC IC’s CMOS 
construction results in noise immunity comparable to the 
CD4000 family, its high speed necessitates system-ground- 
ing and supply-decoding techniques normally used in LS- 
TTL system design. 


The following sections discuss general usage guidelines, 
system noise susceptibility and immunity, and the 54HC/ 
74HC logic’s power-supply-noise characteristics. Note that, 
unless specific exceptions are stated, the considerations 
discussed apply also to 54HCT/74HCT, HC’s TTL-compati- 
ble subset. 


FOLLOW BASIC GUIDELINES 


The basic rules for designing with 54HC/74HC circuits are 
similar to those that apply to 74LS, CD4000B and 54C/74C 
devices. First, under normal static operating conditions, the 
input should not exceed Vcc or go below ground. In normal 
high-speed systems, transients and line ringing can cause 
inputs to violate this rule momentarily, forcing the ICs to 
enter an SCR-latch-up mode. 


(b) 
INPUT DIODE OR 
OUTPUT DIFFUSION Vcc 


Latch-up results if either the input- or output-protection di- 
odes are forward biased because of voltages above Vcc or 
below ground. As a result, the IC’s internal parasitic SCR 
shorts Vcc to ground Figure 7 shows the diodes in a CMOS 
IC, schematically (a) and in a simplified die cross section 
(b). 

Thanks to some processing refinements, SCR latch-up isn’t 
a problem with the MM54HC/74HC Series. There are, how- 
ever, limitations on the currents that the internal metalliza- 
tion and protection diodes can handle, so for high-level tran- 
sients (pulse widths less than 20 ms and inputs above Vcc 
or below ground), you must limit the current of the IC’s inter- 
nal diode to 20 mA rms, 100 mA peak. Usually, a simple 
resistor configured in series with the input suffices. 


Powering the device is another important design concern. 
Don’t power up inputs before both Vcc and ground are con- 
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FIGURE 1. Essential but sometimes evil, the diodes In CMOS-logic ICs can be easily damaged by excessive 
currents. Reversed supplies or large input or output currents can cause diode burnout. 
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nected, and don’t plug or unplug pc boards into or from 
powered connectors unless input currents are short lived or 
limited in the manner already described. Both conditions 
can forward bias input diodes, resulting in excessive diode 
currents. Again, Figure 7 shows these diodes and the possi- 
ble current paths. If these conditions are unavoidable, add 
external current limiting to prevent damage to 54HC/74HC 
circuits, or use special connectors that apply power before 
signals. Some family members: (notably the HC4049/50) 
have modified input structures and can survive the applica- 
tion of power to the input before the supply. 


Floating inputs are a frequently overlooked problem. CMOS 
inputs have extremely high impedance and, if left open, can 
float to any voltage. This situation can result in logic-func- 
tion mishaps and unnecessary power consumption. More- 
over, open inputs are susceptible to electrostatic damage. 
You should thus tie unused inputs to Vcc or ground, either 
through a resistor or directly. 


Finally, for correct logic results you should use inputs with 
rise and fall times faster then 500 ns. Slower transition times 
can result in logic errors and oscillation. 


OBSERVE OUTPUT RULES 


You must observe certain usage rules for 54HC/74HC out- 
puts as well as for inputs. Output voltages shouldn’t exceed 
the supply voltage, and currents in the output diodes 
shouldn’t exceed 20 mA. Moreover, output rms drive cur- 
rents shouldn’t exceed 25 mA for 4 mA standard-output de- 
vices or 35 mA for 6 mA devices. The die’s metal lines 
dictate this limitation. Violations can result in long-term dete- 
rioration. Much larger currents (greater than 100 mA peak) 
arising from capacitive-load charging and line driving are 
normal and pose no real problem. As a rule of thumb, don’t 
allow the output current’s rms value to exceed the device’s 
current rating. Unlike the inputs, unused outputs should be 
left floating to allow the output to switch without drawing any 
de current. 


When testing a pc board, its often necessary to short the 
output of one CMOS device to overdrive and force a given 
level on the input of the IC driven by this output. In other 
instances, you might need to short the outputs on a one- 
time basis. You can do so without degrading the IC’s life if 
you follow a few rules. When bench testing 54HC/74HC 
devices, for example, you can short one output for several 
minutes without harm. In automatic testing, you can short as 
many as eight outputs for a 1-sec duration. Here again, the 
limitation is imposed by the metallization. 


POWER-SUPPLY CAVEATS 


Now that you’ve looked at input and output signals, give 
some extra attention to power-supply considerations. For 
instance, supply levels affect the device’s logical operation. 
You should, for example, keep the supplies within the 2 to 
6V range for HC devices and the 4.5 to 5.5V range for HCT 
devices. Voltages as high as 7V or as low as OV won't harm 
the ICs, but their performance isn’t guaranteed at these lev- 
els. However, HCs and HCTs (with the exception of one- 
shots and Schmitt triggers) can typically function with sup- 
plies as low as about 1.4V. 


As with any IC, it’s crucial that you not reverse the supply 
voltages. Doing so will forward bias a substrate diode be- 
tween Voc and ground (Figure 7), resulting in excessive cur- 
rents and damage to the IC. As with inputs and outputs, 
don’t let Vcc or ground rms currents exceed 50 mA for 
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FIGURE 2. The reaction of 74HC00 gates (a) so nolew 
spikes is clearly seen in these scope drawings. The 
gate exhibits noise immunity of 2V or more (b). 


Furthermore, the immunity is equally good for 
positive- and negative-going noise spikes. 








4 mA devices or 70 mA for 6 mA units. Again, transients 
pose no real problem as long as their rms values stay within 
the devices’ ratings. 


UNDERSTANDING NOISE 


What happens if the signals just discussed aren't clean? In 
digital-logic systems, ‘‘noise” is defined as extraneous volt- 
age in the signa! or supply paths. For CMOS, ECL or TTL 
devices, system noise that’s great enough can affect the 
logic’s integrity. CMOS-logic families such as the CD4000 
and 74C are highly immune to certain types of system noise. 
This immunity is due mainly to the nature of CMOS, but also 
to the fact that the devices’ slowness reduces self-induced 
supply noise and crosstalk and prevents the logic from re- 
sponding to short externally induced or radiated transients. 


However, in high-speed CMOS (which is about 10 times 
faster than CD4000 logic), crosstalk, induced supply noise 
and noise transients become factors. Higher speeds allow 
the device to respond more quickly to externally induced 
noise transients and accentuate the parasitic interconnec- 
tion inductances and capacitances that increase self-in- 
duced noise and crosstalk. 


Because HC-CMOS specifies input levels similar to those of 
CD4000 logic, its de noise rejection is also superior to LS- 
TTL. And because high-speed CMOS has an output imped- 
ance one-tenth that of CD4000 devices, it’s less susceptible 
to noise currents coupled to its outputs. As a result, lower 
stray voltages are induced for a given amount of current 
coupling. 

To quantify these noise parameters, first define ‘‘noise im- 
munity”: a device’s ability to prevent noise on its input from 
being transferred to its output. More specifically, it’s the 
amount of voltage that can be applied to an input without 
causing the output to change state. For HC-CMOS, this im- 
munity is approximately 2V; in the worst case, it's the maxi- 
mum input Low or High logic levels specified in the data 
sheet. 
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FIGURE 4. Noise margins for HC-CMOS and an HCT- 
CMOS-TTL combination are Illustrated by this graph. 
You can see that the all-CMOS system exhibits the 
higher noise Immunity. 


Noise immunity is an important attribute, but noise margin 
proves more useful because it defines the amount of noise 
that a system can tolerate and still maintain correct logic 
operation. It’s defined as the difference between the output 
logic Low (or High) of one gate and the input logic Low (or 
High) of the gate the given device is driving. 

For example, in HC-CMOS using a 4.5V Vcc, typical output 
levels are ground and Vcc, and input thresholds are 
Vin =3.15V and Vi, =0.9V. These figures yield noise mar- 
gins of approximately 1300 mV (logic One) and 850 mV (log- 
ic Zero). LS’s noise immunity is 700 and 400 mV, respec- 
tively. Note that 54HC/74HC input levels are skewed slight- 
ly toward ground, so the ICs tolerate slightly more Voc noise 
than ground noise. 
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FIGURE 3. Exhibiting high clock-noise immunity, this 74HC74 flip flop 
(a) shows no change in output for noise spikes greater than 2V (b) 
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To illustrate noise margin and immunity, Figure 2 shows the 
output that results when you apply several types of simulat- 
ed noise to a 74HCO00’s input. Typically, even 2V or more 
input noise produces little change in the output. Figure 3 
shows how noise affects a 74HC74’s clock input. Again, no 
logic errors occur with 2V or more clock noise. 


54HCT/74HCT ICs have an input buffer specially designed 
to yield TTL input levels of 0.8 and 2V. Their noise-immunity 
characteristics are therefore substantially different from 
those of 54HC/74HC devices. In evaluating these differenc- 
es, note two general applications for HCT logic: in a TTL or 
NMOS (eg, XMOS, HOMS) system; or in an all-CMOS, HC 
or HCT system. 


In the first case, the HCT inputs get driven by outputs that 
are essentially TTL and specify output levels of 0.4 and 2.4V 
(or 0.5 and 2.7V). In this situation, the specified noise mar- 
gin is similar to the TTL margin: 400 mV for a logic Zero and 
either 400 or 700 mV for a logic One. These values, shown 
in Figure 4, are significantly less than those of an all-HC 
system. , 


Now examine the second case. When using HCT with HC, 
output logic levels are almost equal to power-supply levels. 
Therefore, HCT’s specified noise margin is approximately 
700 mV for a logic Zero and 2.4V for a logic One. At first 
glance, the high noise margin for Ones might seem strange, 
but this situation presents a tradeoff against the Zero-level 
margin. Compare the two gate-transfer functions in Figure 5; 
the HCT device has a logic trip point at 1.4V, while the HC 
gate trips at 2.4V. Thus, HC’s typical performance is twice 
that of HCT. for ground noise; for Voc noise, HCT is about 
50% better. 


The. conclusion? In a normal! system (including all-CMOS 
systems), HC provides better noise immunity than HCT. The 
one case where HCT could prove more helpful is in systems 
that are designed with noiseless ground and dirty Vcc. Nat- 
urally, this design approach isn’t good. A second fact high- 
lighted by these transfer functions, HC is conservatively 
specified for its input and output logic levels, whereas HCT 
is specified more tightly. So even though data-sheet limits 
for HCT seem better, actual system performance indicates 
that HC provides better overall noise margins. 
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FIGURE 5. Comparing HC and HCT logic, this graph 

shows noise immunity of the respective families. HC . 
wins for ground noise, HCT for Vcc noise. 


CONSIDER SYSTEM NOISE 


Now take a closer look at system noise, which you can 
group into several categories, depending on the source. The 
type of noise dictates the appropriate noise-supression 
technique. 


¢ Power-supply Icc noise, generated in the power-supply 
line, comes from logic switching in CMOS circuits. 


¢ Transmission-line reflections, unwanted ringing and over- 
shoot phenomena arise from signals propagating down 
improperly terminated transmission and signal lines. 


Signal crosstalk is caused by capacitive or inductive cou- 
pling of extraneous voltages from one signal line to an- 
other or to the power-supply line. 


Radiated noise, an RF phenomenon that originates with- 
in a high-speed-logic system, emits to other systems. It 
arises from the high-frequency energy emitted when log- 
ic toggles. This noise, not a major problem with regard to 
logic integrity, can interfere with other systems. 
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FIGURE 6. This schematic shows the currents in a 74HCOO gate that result when applying a positive 
input step. Also shown are the internal parasitic and external load capacitances. 
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Power-supply spiking is perhaps the most important contrib- 
utor to system noise. When any element switches logic 
states, it generates a current spike that produces a voltage 
transient. If these transients become too large, they can 
cause logic errors because the supply-voltage drop upsets 
internal logic, or because a supply spike on one circuit’s 
output feeds an extraneous noise voltage into the next de- 
vice’s input. 

With CMOS logic in its quiescent state, essentially no cur- 
rent flows between Vcc and ground. But when an internal 
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gate or an output buffer switches state, a momentary cur- 
rent flows from Vcc to ground. This current has two compo- 
nents: the current required to charge and discharge any 
stray or load capacitance, and the current that flows directly 
from Vcc to ground when the p- and n-channel transistors 
turn on momentarily during an input transition. 

Figure 6 shows the paths for these current components 
within a 74HCOO upon application of a positive step to the 
device’s input. Cp}, Cp2, and Cpg represent the internal par- 
asitic capacitances; C,_ is the external load capacitance. IT, 
lt2 and ly3 correspond to the currents that flow through 
both the n- and p-channel transistors during switching. Icp1, 
Icp2 and Icpg are the charging currents for the capacitances. 
The switching transient caused by an unloaded output 
changing state typically equals 40 mA peak. Figure 7b 
shows the current and voltage spikes resulting from switch- 
ing a single unloaded NAND gate. Figures 7c through (e) 
show the current spike’s increase due to the addition of 15-, 
50- and 100-pF loads. The large amount of ringing results 
from the test circuit’s transmission-line effects. 

This ringing occurs partly because the CMOS gate switches 
from a very high impedance to a very low one and back 
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FIGURE 7. The effects of capacitive loads are seen in these drawings; (b) through (e) show 
the spikes resulting with no load and with 15-, 50- and 100-pF loads, respectively. 
The ringing arises from the test circuit’s transmission-line effects. 
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FIGURE 8. On-chip circuitry before a 74HC00’s output stage (a) generates little current spiking, 
as shown in the drawing (b). In the test circuit, one input is switching (but not the output). 
Note the very small power-supply glitches provoked by the input-circuit transitions. 


again. Note that, even for medium-size loads, load-capaci- 
tance current becomes a major current contributor, verified 
by the dramatic increase in current from the unloaded to the 
100-pF-load case. 


Although internal logic generates current spikes when 
switching, the bulk of a spike’s current comes from output- 
circuit transitions. Why? Because the outputs have the larg- 
est p- and n-channel currents and the greatest parasitic and 
load capacitances. Figure 8 shows the Icc current for a 
74HCO00 gate with one input switching, the other at ground 
(thus, with no output transitions). 


The best way to reduce noise-voltage transients is to imple- 
ment good power-supply busing. You should maintain a low 
ac impedance from each circuit’s Voc to ground. In one 
model for a supply bus (Figure 9), both Vcc and ground 
traces exhibit inductances, resistances and capacitances. 


POWER 
SUPPLY OR 
REGULATOR 


To reduce voltage transients, keep the supply line’s parasit- 
ic inductances as low as possible by reducing trace lengths, 
using wide traces, ground planes, strip-line or microstrip 
transmission-line techniques and by decoupling the supply 
with bypass capacitors. 


For effective supply decoupling, bypass capacitors must 
supply the charge required by the current spike for its dura- 
tion with minimal voltage change. You can determine a by- 
pass capacitor’s approximate value from the expression: 
Idt _ (SPIKE CURRENT) (SPIKE DURATION) 
dv (ALLOWABLE DROOP VOLTAGE) 
Consider this example: A typical MM54HC/74HC has an Icc 
transient of about 20 mA, lasting approximately 20 ns (ex- 
cluding ringing). If you allow 400 mV peak noise, the re- 
quired bypass capacitance is about (20 mA)({20 ns)/0.4V = 1 
nF per output. 


Cpypass = 
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FIGURE 9. This equivalent circuit for a power-supply bus emphasizes both the Vcc’s and the ground’s series 
inductances.Try to minimize these inductances through careful circuit layout. 
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FIGURE 10. Demonstrating the importance of bypassing, drawings (b) through (e) show power-supply transients 
that occur when a 74HC0O0 is decoupled with 1-, 4.7-, 10- and 100-nF capacitors, respectively. 
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FIGURE 11. Showing results similar to those depicted in Figure 10, these drawings show the effects of bypassing a 
74HC74 flip flop with capacitors of 1 (b) to 10 nF (d). You can see that the 10 nF bypass yields supply spiking 
approximately 40% lower than that of the 1-nF capacitor. 


In order to prevent additional voltage spiking, this local by- 
pass capacitor must exhibit low inductive reactance. You 
should therefore use high-frequency ceramic capacitors and 
place them very near the IC to minimize wiring inductance. 
The approximate amount of tolerable inductance is given 
by: 


Vat 
LsuPPLY = aes 


(SPIKE VOLTAGE) (SPIKE RISE OR FALL TIME) 

(SPIKE CURRENT) 
For example, restricting the inductive noise spike to 100 mV 
peak with 20 mA current and 4 ns rise time yields (0.4V)(4 
ns)/20 mA=80 nH max. Note that, in addition to localized 
decoupling of very fast transients, you also need bulk de- 
coupling of spikes generated by the board’s ICs. To decou- 
ple, provide a high-value capacitor for smoothing long time 
periods. 
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To show how decoupling affects supply noise in real-world 
situations, Figure 10 depicts the power-supply transients 


’ that result when you choose different values of decoupling 


capacitors. In this example, one gate of a 74HCO00 toggles, 
and 1-, 4.7-, 10- and 100-nF capacitors have approximately 
10 cm of wiring between them and the supply. Figure 77 
presents similar results, obtained with the 74HC74 circuit. 
Note in both cases (although the unbypassed situation isn’t 
depicted) that a 1 nF capacitor greatly reduces the voltage 
transient. 

Based on empirical and theoretical considerations, you can 
determine a set of guidelines. These practical maxims serve 
only as a foundation for a system that should yield good 
results. Consequently, there’s some leeway in following 
them for particular designs. As a rule of thumb, it’s generally 
good design practice to restrict both Vcc and ground noise 
to less than 250 mV. 
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FIGURE 12. Tailor bypassing to the system’s supply scheme. Circuit diagram (a) shows the method to 
use with local regulators; (b) shows the scheme to adopt with a centralized regulated supply. 
Use tantalum- or aluminum-electrolytic capacitors. 


Before presenting the guidelines, examine some compara- 
tive attributes of earlier CMOS, HC, HCT and LS-TTL devic- 
es. First, because of higher speeds and larger output cur- 
rents, the supply-bypassing requirements of HC devices are 
more rigorous than those of earlier metal-gate-CMOS ICs. 
Compared with those of LS-TTL, the requirements for 
HC/HCT are similar or a little more stringent, depending on 
the application. 


Furthermore, for random logic, 54HC/74HC and 
54LS/74LS are similar, but in bus-driving applications HC 
devices can produce larger spikes. Finally, HCT logic needs 
better grounding than HC logic. In fact, its design considera- 
tions closely follow those of LS-TTL. However, as with HC, 
HCT exhibits greater Voc spiking in bus-driving applications. 
Now you're ready for the guidelines: 


® Keep Vcc-bus routing short. When using double-sided or 
multilayer circuit boards, use strip-line, transmission-line 
or ground-plane techniques. 


Keep ground lines short, and on pc boards make them as 
wide as possible, even if trace width varies. Use separate 
ground traces to supply high-current devices such as re- 
lay and transmission-line drivers. 

In systems mixing linear and logic functions and where 
supply noise is critical to the analog components’ per- 
formance, provide separate supply buses or even sepa- 
rate supplies. 


¢ If you use local regulators, bypass their inputs with a tan- 
talum capacitor of at least 1 uF (Figure 12a), and bypass 
their outputs with a 10- to 50-yF tantalum- or alumium- 
electrolytic capacitor (6). 


If the system uses a centralized regulated power supply, 
use a 10- to 20-nF tantalum-electrolytic capacitor or a 
50- to 100-yF aluminum-electrolytic capacitor to decou- 
ple the Vcc bus connected to the circuit board (Figure 
126). 


Provide localized decoupling. For random logic, a rule of 
thumb dictates approximately 10 nF (spaced within 12 
cm) per every two to five packages, and 100 nF for every 
10 packages. You can group these capacitances, but it’s 
more effective to distribute them among the ICs. If the 
design has a fair amount of synchronous logic with out- 
puts that tend to switch simultaneously, additional decou- 
pling might be advisable. Octal flip flops and buffers in 
bus-oriented circuits might also require more decoupling. 
Note that wire-wrapped circuits can require more decou- 
pling than ground-plane or multilayer pc boards. 

For circuits that drive transmission lines or large capaci- 
tive loads (uP buses, for example), use a 10 nF ceramic 
capacitor close to the devices’ supply pins. 

Finally, terminate transmission-line grounds near the 
drivers. 
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Logic-System Design 
Techniques Reduce 
Switching-CMOS Power 


National Semiconductor 
Application Note 376 
Larry Wakeman 


By adopting certain techniques in the design of your CMOS-based logic system, 
you can effect dramatic reductions in the transitional power these 
zero-quiescent-current devices consume when switching. 


This article describes ways to reduce the power consump- 

tion in logic designs using high-speed CMOS ICs. The 

MM54HC/74HC logic family has near-zero power dissipa- 

tion when in the quiescent mode. Its only substantial power 

drain arises from dynamic switching currents. Traditional 

TTL and NMOS systems do not share this low-power fea- 

ture, requiring instead that you reduce power by selecting 

low-power ICs and external components. 

The CMOS device is inherently efficient, but you can greatly 

enhance system efficiency by designing around the follow- 

ing guidelines: 

® minimizing effective system operating frequency; 

® minimizing static dc-current paths (eg, in pull-up or -down 
resistors); 

¢ putting the logic to sleep (by removing the clock); 

© capitalizing on power-down situations. 


Total system power dissipation is the sum of two compo- 
nents: static (or quiescent) and dynamic power. LS TTL sys- 
tems consume such a great amount of quiescent power that 
the dynamic component pales into insignificance. When us- 
ing 54HC/74HC logic in power-critical applications, howev- 
er, you must consider both components. The following sec- 
tions describe how to determine system power by using HC 
devices’ power-dissipation-capacitance (Cpp) specs. The 
text also discusses a few power-reduction philosophies and 
some of the differences in consumption for 54HCT/74HCT 
TTL-compatible CMOS logic. Because system power is sim- 
ply total loc times the supply voltage, the calculations treat 
power and current interchangeably. 


Calculating the quiescent power is just as easy—the sum of 
the de currents times the supply voltage. Thus, total system 


quiescent power is 
Psystem = (lcci + Iec2 + .--locn) Voc: (1) 


The currents in this expression are caused by pull-up and 
load resistors and TTL, NMOS and linear circuits in the sys- 
tem. If it’s appreciable—although unlikely—you can include 
the very small quiescent Icc of MM54HC/74HC devices. 
Generally, the worst-case Icc values in the CMOS ICs’ data 
sheets are very conservative. Typical values range from ten 
to 100 times less than the limits; moreover, it’s almost sta- 
tistically impossible for a system to contain all worst-case 
devices. 


As pointed out earlier, the major contributors to CMOS ICs’ 
power dissipation are dynamic switching currents. Figure 7 
is a schematic diagram of one 74HCOO NAND gate, and it 
shows the dynamic currents that result from switching one 
input Low to High. When the IC is not switching, there’s no 
dc-current path from Vcc to ground except for leakage. This 
is because whenever an n-channel device is On, its comple- 
mentary p-channel partner is Off. 


CMOS power consumption is caused by the transient cur- 
rents that charge and discharge internal and external ca- 
pacitances during logic transitions. As frequency increases, 
these currents naturally increase. You can’t measure these 
currents or their associated capacitances individually, but 
you can measure the total current. You can equate this total 
current to a power-dissipation capacitance (Cpp) as follows: 

loc = (Cpp + Ci)(Vec)(fic), (2) 
where Icc is the supply current, Vcc is the supply voltage, 
fic is the input toggle rate and C_ is the toggled load capaci- 
tance. Referring again to Figure 7, the load current I, results 
from switching the load capacitance. To obtain the internal 
equivalent capacitance, you must subtract the load current 
from Icc. 
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FIGURE 1. Principal contributors to CMOS power consumption, these transient currents are the result 
of transitional charging and discharging of internal and load capacitances. The average currents are 
naturally a function of the operating frequency. 
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Using the Cpp figure spec’d in data sheets, you can esti- 
mate the current consumption of each device in your sys- 
tem if you know the toggling frequency. By multiplying both 
sides of Equation 2 by Vcc, you can determine the dynamic 
power consumption. 


Poynamic = (Cpp + Cy)(Vec?)(f). (3) 
As mentioned, Cpp is an indirect measure of the amount of 
switching current a circuit consumes. It depends on how 
much of the circuit’s internal logic is switching and how 
many outputs are toggling. For example, a 74HC374 octal 3- 
state flip flop clocked at 1 MHz dissipates much more power 
if its data inputs change every clock period than it would if 
its outputs are disabled and its inputs are tied High or Low 
during clocking. 
Figure 3 shows that when the flip flop’s outputs are enabled 
and the data inputs are changing, virtually all internal nodes 
are toggling and al! internal parasitic capacitances are 
charging. On the other hand, if the data is held High and the 
outputs are disabled, only the clock logic dissipates power 
(and very little at that). All other sections are static. 


As you'll see, the method of testing Cpp (see ‘‘Test Cpp in 
realistic situations”) can yield various values that might or 
might not be applicable to the particular way the part is be- 
ing used. Fortunately, several generalizations allow reason- 
able approximations to Cpp’s value, as discussed in the fol- 
lowing section. 


TEST Cpp IN REALISTIC SITUATIONS 


In 54HC/74HC data sheets, one or two Cpp values are 
specified. At best, the parameter is a simplification of the 
worst-case operating mode of a device under typical! operat- 
ing conditions. However, because most devices have sever- 
al possible toggling modes (each having a different power 


GENERATOR 
(NOTE 1) 


INPUT(S) 


consumption), you might do well to characterize Cpp for 
your particular application. 


The nearby Figure 2 shows a circuit for measuring Cpp. 
Normally, the IC is set up in a given toggling mode, with its 
output pins pulled out of the test socket to reduce stray-in- 
duced errors. For automated testing, you could use a stan- 
dard load (eg, 50 pF) and subtract its Ico contribution from 
the total. The ammeter in series with the Vcc line is by- 
passed with 0.1- and 1-F capacitors. 


For simple measurements, you can set the input’s toggle 
frequency at 200 kHz, with Vcc=5V. This yields an amme- 
ter reading in microamps that’s equal to Cpp in picofarads. 
You could use other voltages and frequencies, but little vari- 
ation should result. For example, JEDEC’s high-speed- 
CMOS committee recommends 1 MHz. es 


To better understand what datasheet Cpp means, the fol- 
lowing listing describes by part type how each IC is toggled. 
In measuring Cpp, the worst path is always chosen. More- 
over, within the constraints listed, as much of the internal 
circuitry and as many of the outputs as possible are toggled 
simultaneously. 


© Gates: All inputs except one are held at either Voc or 
ground, depending on which state causes the output to 
toggle. The one remaining input is toggled at a given 
frequency. Cpp is given on a per-gate basis. 


© Decoders: One input is toggled, thereby causing the out- 
puts to toggle at the same rate. Normally, one of the 
address-select pins is switched while the decoder is en- 
abled. All other inputs are tied to Vcc or ground, which- 
ever enables operation. Cpp is expressed on a per - in- 
dependent - decoder basis. 


Vec 


TEST IC ~OUTPUT(S) 


{NPUT(S) 
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Notes: 1. OUTPUT = square wave with < 6-nsec rise and fall times; levels = GND and Vg. 


2. Bend all output pins from test socket, or use known load and deduct its current from measured I¢g. 


3. Terminate all unused inputs to GND or Vec. 


FIGURE 2. Measure equivalent CMOS-system capacitance with this simple test circuit. The text describes how to toggle 
the various CMOS logic functions (excepting one-shots, of course, which draw dc power). 
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Multiplexers: One data input is tied high, and a second 
is tied low. The address-select lines and enable inputs 
are configured such that by toggling one address line the 
two data inputs are alternately selected, causing the out- 
puts to toggle. If it's a 3-state MUX, Cpp is given for 
outputs both enabled and disabled. Cpp is measured per 
multiplexer function. 


3-state buffers and transceivers: When the outputs 
are enabled, Cpp is measured as for simple gates; ie, on 
a per-buffer basis. The same holds true for the 3-state 
condition. Transceivers are measured per buffer as well, 
both enabled and disabled. 


¢ Latches: The device is clocked and data is toggled every 
other clock pulse. Other preset or clear inputs are held to 
enable output toggling. If the device has commonly 
clocked latches, the clock is toggled and one latch is 
exercised. 3-state latches are measured with their out- 
puts both enabled and disabled. Cpc is given on a per- 
latch basis. 


Flip flops: The same as for latches. The device’s inputs 
are configured to toggle, and any preset or clear inputs 
are held inactive. 


Shift registers: The register is clocked and the serial 
data input is toggled every other clock pulse, as for latch- 
es and flip flops. Other clear or load pins are held inac- 
tive, and parallel data inputs are held at Vcc or ground. 
3-state devices are measured with outputs both enabled 
and disabled. If the device takes parallel loads only, it’s 

_ loaded with 10101010... and clocked to shift the data out, 
then reloaded. - 


Counters: A signal is applied to its clock input; other 
clear or load inputs are held inactive. Cpp is given for 
each counter within a package. 


Arithmetic circuits: adders, magnitude comparators, 
encoders, parity generators, ALUs and other miscellane- 
ous circuits. The general rule is to exercise these parts to 
obtain the maximum number of outputs toggling simulta- 
neously while toggling only one or two inputs. 


Display drivers: Cpp is generally not required for LED 
drivers, because the LEDs use so much more power they 
overshadow the drivers’ Cpp; moreover, when blanked 
the drivers are rarely driven at any significant speed. If 
needed, however, Cpp is measured with outputs enabled 
and disabled, while toggling between a lamp test and 
blank (if provided), or between a display of numbers 6 
and 7. LCD drivers are tested by toggling their phase 
inputs, which control the segment and backplane wave- 
forms. If either of these driver types has latched inputs, 
the latches are set to a flow-through mode. 


One-shots: In some cases, when a device’s Icc is signif- 
icant, Cpp might not be specified. When it is, Cpp is test- 
ed by toggling one trigger input such that the output is a 
square wave. The timing resistor is tied to a separate 
Vcc line, to eliminate its power contribution. 


FIGURING DYNAMIC SYSTEM POWER 


How do you calculate a system’s dynamic power? You can 
do it on several levels, depending on the accuracy needed. 
The simplest approach is to use a Cpp model that’s the sum 
of the CMOS ICs’ Cpps and the load capacitances. Then, 
assuming an average frequency, plug these numbers into 
Equation 2 or Equation 3. 
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TL/F/8128-3 
FIGURE 3. Output status determines dynamic 
dissipation in this 3-state-output flip flop. The IC 
dissipates an order-of-magnitude higher power 
with its outputs enabled. 


The most accurate approach, however, is to determine each 
component’s operating frequency and its capacitive load. 
This method is used in critical battery powered applications. 
The following section describes this approach and proposes 
simplifications. In this-approach, system dynamic power is 
the sum of the individual circuits’ power dissipation: 

Pr = P,; + Po + Pg + Pq +... etc, (4) 
where Py is the total power and P, is the power for each 


component. By substituting Equation 3 into Equation 4, the 
total system power is 
Pr = (Cpy + cii(Voc?)(f) + 
(Cp2 + Ci2)(Vec2)(f) + ...etc. (5) 

in Equation 5, load capacitances C,1, Cio, etc are not sim- 
ply the sum of all individual output loads. C;, is actually de- 
pendent on device type. Why? Different devices switch a 
different number of outputs simultaneously. What’s more, 
these outputs can toggle at a different rate from that of the 
IC’s clock or input. Thus, for an individual IC and its load, the 
actual power is 

Pic = Voc? [(Cppf) + (Curfi1) + (Crafta) + 1, (6) 
where C, is the load on each of the simultaneously toggling 
outputs, and f, is the toggle rate seen by the load. A good 
example is the power dissipation of a 4-bit CMOS counter. 
Here there are four output terms—each output switches at a 
different frequency. Accordingly, there are four (each) dis- 
tinct CL and f, terms. To simplify Equation 6, define an 
effective load capacitance Ce which is the actual load mul- 
tiplied by the ratio of the load toggle rate to the IC’s toggle 
frequency: 


Cle = (C,)(fL/*). (7) 
Substituting Equation 7 into Equation 6 and grouping 
terms, 
Pic = Voc? f(Cpp + CLe1 + Cree + ...). (8) 
This procedure simplifies the process because output tog- 
gle rates are almost exclusively a binary division of the input 
clock. Thus, for an accurate calculation of system power, 
you must calculate it for each IC using Equation 8 and take 
the total. The counter is a prime candidate for using Equa- 
tion 8. Here, the first stage’s effective output capacitance is 
half the actual; the second, one-quarter, and so on. 





TAILOR f, C TO DEVICE TYPE 


To make practical use of the foregoing methods, the follow- 
ing list describes most of the CMOS-logic categories in 
terms of effective load and operating frequency: 


¢ Gates and buffers: Power calculations for these are 
straightforward. Cpp, given for each gate, sums directly 
with its output load. Operating frequency is the rate at 
which the output toggles. For disabled 3-state buffers, 
the power calculation uses the 3-state-output Cpp multi- 
plied by the input frequency (no load capacitance includ- 
ed.) 


¢ Decoders: Each independent decoder can toggle no 
more than two outputs at a time. To calculate power con- 
sumption, sum Cpp with the load on two outputs. The 
frequency is the rate at which the outputs switch. 


¢ Multiplexers: For non-3-state devices, sum the loads on 
all used outputs and add the sum to Cpp. The frequency 
is that at which the outputs switch. For 3-state devices, 
use only Cpp; the frequency is the inputs’ toggle rate. 


¢ Counters: The operating frequency for each of a coun- 
ter’s outputs is that of the previous stage divided by two. 
The loads on lower order stages contribute less current. 
So to calculate power, sum Cpp with one-half the first 
stage’s load plus one-quarter the second stage’s, and so 
on. For decade and other modulo counters, this proce- 
dure is slightly different. In general, you can neglect out- 
puts more than four stages removed from the clock. A 
simple approximation is to sum Cpp with the average 
output load and use the input clock frequency. 


Latches, flip flops and shift registers: For these devic- 
es, the frequency is the ICs’ clock rate. The outputs typi- 
cally change state at half the clock rate, so when calcu- 
lating power dissipation, add Cpp to half the output load. 
lf the data inputs change more slowly, you can modify 
the effective load downward by the ratio of the data rate 
to the clock rate. Again, if the outputs are disabled, no 
load dissipation exits and you should use the 3-state 
Cpp. 


T4HC04 


74HC14 


(c) 


These rules notwithstanding, it’s rarely necessary to go 
through a detailed analysis of each IC. In most instances, a 
simpler analysis can yield good results. In noncritical appli- 
cations where power consumption is used to determine the 
system’s power-supply needs, the simpler analysis suffices. 
Using this method, you estimate the average operating fre- 
quency for major sections of the system. Next, sum all the 
Cpps and effective loads in each section: 


Petock = vec? fave [(Cpy + CLe1) + 
(Cp2 + Cye2) +... + (Cen + Cren)]- (9) 
Thus, to approximate the total system's power consump- 
tion, you must approximate the effective loads for each 
group of devices (or the entire system) and add them to- 
gether. 


Consider a microprocessor-based system using an 8 MHz 
clock frequency. In this example, you might determine that 
the bus operates at approximately 2 MHz, random control 
logic at 4 MHz, and the RAM and I/O devices at 100 kHz. 
You could estimate an overall system clock to be 1 to 
2 MHz, depending on the actual size of each block. Next, 
you’d sum the Cpp and the effective load capacitances— 
say 2000 and 1000 pF, respectively. The ballpark estimate 
for system power is 

P = (5)2 (1 MHz)(2000 pF + 1000 pF) = 75 mW. (10) 
Exceptions to the above rules are one-shot ICs and gates 
configured as oscillators, which use CMOS in an essentially 
linear manner. Their power consumption is not strictly attrib- 
utable to negligible quiescent currents or dynamic switching 
currents. 


Consider one-shots, some of which draw dc current continu- 
ously, some only when the output pulse is triggered (check 
data sheets for the device type you’re using). The culprits 
are the ICs’ internal linear CMOS comparators that use dc 
bias circuits. HC one-shots use several design approaches. 
One (the ’HC123A/221A/423A) uses a comparator that 
shuts off after a pulse times out; the second (the ’HC4538) 
leaves the comparators on at all times. 


74HC04 


ales fie 


(d) 
FIGURE 4. Drawing higher-than-calculated power, these CMOS oscillator configurations suffer 
from “soft” logic levels at their gates’ inputs. Circuits (a) through (d) are 3-inverter, 
2-inverter, Schmitt-trigger and crystal oscillators, respectively. 
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A one-shot’s overall power consumption is its quiescent 
power plus the power consumed by its timing elements and 
Cpp. If the comparators turn off, you multiply the quiescent 
current by the duty cycle of the output pulse. Thus, the over- 
all expression for one-shot power consumption is 
Pos=(Icc)(Vec)(D) + (Cext + CL + Cpp)(Vec?)(f), (11) 
where Pog is the total power, D the one-shot’s duty cycle, 
Cext the timing capacitor, C_ the load on both outputs, and 
f the operating frequency. In general, the Cpp term is small 
at lower frequencies; you can safely set it to zero to simplify 
the equation. 


What about oscillators? The circuits shown in Figure 4 draw 
more current at a given operating frequency than you'd cal- 
culate using only Cpp. This is because in these applications, 
the inputs to some of the gates are at ‘‘soft’’ logic levels for 
significant amounts of time. This causes both p- and n- 
channel transistors to conduct simultaneously and hence 
draw de current. 


Figure 5a plots current vs input voltage for the 74HCO0O0 gate 
and gives an idea of the amount of current typically drawn 
when soft logic levels are applied. The large spike at 2.3V is 
the result of the output’s switching. At low frequencies, the 
oscillator’s supply current can be several milliamps higher 
than you might expect because of the amount of dc current 
drawn. 


The same is true of a 74HC14 used as an oscillator. Figure 
5b shows the supply current vs input voltage for the 
74HC14 and the 74C14 (or CD40106). Because the actual 
power consumed vaires with frequency and component val- 
ues, it’s best to determine it empirically. As with the one- 
shots, the oscillator timing capacitor’s contribution to power 
dissipation can be expressed by P = Voc(Cp)f. 


MM54HC/74HC logic uses bigger devices and lower tran- 
sistor thresholds than metal-gate CMOS, so it might be 
more desirable to use either CD4000 or MM54C/74C logic 
for lower power oscillators (if operating frequency and out- 
put-drive requirements permit.) 
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MORE SPECIAL CASES: HCT 


Because of their unique applications in TTL and NMOS sys- 
tems, 54HCT/74HCT devices have some additional traits 
that you should consider in designing systems. In TTL sys- 
tems, the HCT !Cs’ inputs are driven under worst-case con- 
ditions by TTL levels of 0.5 and 2.4V. With these input levels 
applied, HCT consumes significant quiescent current: about 
200 to 500 pA per input. You must consider this de current 
when calculating power. 


To see the origins of this quiescent current, refer to Figure 
6, which shows a typical HCT’s input. With a 2.4V input 
level, the n-channel! transistor turns fully on; the p-channel 
device turns slightly on. This scenario results in a quiescent 
current dependent on the number of logic-One inputs ap- 
plied. The 0.5V level is close enough to ground to cause the 
n-channel transistor to turn off, so HCT !Cs draw quiescent 
current only when its inputs are at a high state. 


The Icc values with these logic levels are specified in the 
HCT data sheets. It’s specified on a per-input basis—this 
allows you some flexibility in determining quiescent power 
when an IC is driven by both CMOS and TTL. The specified 
quiescent-current value results in calculated Ioc¢ values of 
several milliamps per IC, significantly less than that of LS 
TTL circuits. 


Note, however, that using this data-sheet approach yields 
current values roughly five times higher than that actually 
seen in system designs. The reason for this is that the Ioc 
test is spec’d at Vcc = 5.5V and Vin =2.4V, but even worst- 
case TTL output-High levels are at least 3.4V under these 
conditions. Output levels can only attain a low 2.4V with 
Voc= 4.5V. Moreover, both TTL and NMOS outputs typical- 
ly assume levels closer to 3V (at Voc = 4.5V), lowering qui- 
escent current more. The point is, don’t let Icc specs scare 
you into thinking CMOS is a power hog. 
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FIGURE 5. “Soft” logic levels cause high currents in a 74HCOO Inverter (a) and a 74HC14 connected as an oscillator 
(b,c). Because the power varies with frequency and component values, it’s best to determine its value empirically. 
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In mixed TTL-CMOS applications, the calculation of power 

consumed by the HCT logic must take into account both the Vcc 

dynamic and the quiescent currents.The dynamic portion is 

the same as that for HC logic—in fact, Cpp is measured with a Rae es ed 

0 and 5V input levels to exclude any quiescent current. The [uct ~T 
static portion is the sum of the number of TTL logic-One 

inputs times their High-period duty cycle times the current | | 
per input. For a single IC, the power consumption is TO INTERNAL 


Pic = (Vcc)(lcc)(N)(D) + Voc? f(Cpp + Cre), (12) anes 
where C_g is defined as before, N is the number of TTL-driv- | | 
en inputs and D is the logic-High duty cycle. 


loc is the data sheet’s per-input spec. This expression can L — as ee I 

then be one term in Equation 4. If you’re using the pack- 

age-level quiescent current, the terms N and D drop out. 

What about a situation in which HC drives HCT? In this sce- TL/F/8128-6 


nario, ground and Vcc levels are applied, thereby ensuring FIGURE 6. TTL-compatible CMOS is a special case. This 


that the p- and n-channel transistors don’t turn on simulta- schematic shows the 54HCT/74HCT family’s input 
neously. You can thus determine HCT power dissipation just buffer. With a 2.4V input applied, the n-channel 


as for HC by using Cpp. transistor is fully On; the p-channel, slightly On. 
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FIGURE 7. Reducing clock rate—but not throughput—this scheme allows you to reduce power by clocking a system’s 
n subsections only as fast as needed, instead of clocking all system blocks at the full clock frequency 
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NOW LET’S REDUCE POWER 


When designing low-power CMOS systems, there are sev- 
eral ways to minimize power. These methods involve reduc- 
ing operating frequencies, cutting system load capacitanc- 
es, using fast input transition times and minimizing any dc- 
current paths. 


First, for low-power system implementations, it’s important 
not to overdesign the operating frequency. Very simply put, 
it makes no sense to clock a counter at 20 MHz when 5 
MHz will suffice. 


Note that a reduction in overall system clock frequency 
doesn’t necessarily entail a reduction in throughput. For ex- 
ample, consider a system consisting of four subsections, 
clocked at 8 MHz (Figure 7a). Rather than clocking all sec- 
tions in parallel, you can reduce power by clocking each 
section only as fast as need be (Figure 7b). A second exam- 
ple of reducing the overall system clock rate is shown in 
Figure 8. : 


In (a), a CMOS memory array is driven directly from the 
CPU’s address bus. Here, every memory is driven at the bus 
frequency. If, however, the address is latched by each mem- 
ory block only when that block is being accessed (6), then 
only the block currently being accessed is clocked. This is 
why some CMOS RAMs incorporate on-chip address latch- 
es. 


Another way to operate a system at the minimum possible 
frequency is to switch the system clock. The system is thus 
made to operate at the highest frequency only when need- 
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MEMORY 
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ADDRESS 
BUS 
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(a) 


ed. Figure 9 shows the logic used to implement this scheme 
for a CMOS pP system. In this method, there are two oscil- 
lators, either of which can feed a divide-by-two circuit that 
provides a square-wave output. The flip flop’s output is the 
system clock. The system’s P can set or reset the flip flop 
so that it can operate at either frequency. 


Besides frequency reduction, there are several other meth- 
ods to save power, including reducing load capacitances. 
You can accomplish this by reducing wiring capacitance (es- 
pecially in high-frequency sections) through good layout 
practices, and by maintaining close proximity between inter- 
related high-frequency sections. In-some instances where 
you might instinctively parallel several unused inputs, you 
can achieve lower load capacitance by tying the unused 
inputs to a supply. in another example, when using RC oscil- 
lators, it’s best to use the smallest capacitor and the largest 
resistor possible. . 


Slow input transitions can cause extra dissipation. If an input 
signal rises slowly, it causes both input transistors to con- 
duct for a longer time, thereby causing more current to flow. 
One rule of thumb is if rise and fall times are shorter than 25 
nsec, minimal current will flow. But don’t go overboard. Be 
aware that slow transitions are more tolerable in slower op- 
erating sections because the transitions occur less often. 
Therefore, weigh the importance of the extra dissipation 
against the cost of speeding signals up. 


It’s important to point out that floating inputs can result in 
unnecessary power dissipation. If inputs are open, the input 
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FIGURE 8. Latching memories’ addresses (b) can reduce system power. In (a), every memory is driven at the bus 
frequency. By contrast, in (b)’s configuration, only the memory block being addresed Is clocked. 
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FIGURE 9. Switch your system’s clock frequency for reduced power consumption. The circuit 
shown is a software-selectable oscillator for a microprocessor system. 


voltage can float to an indeterminate and intermediate level; PULL-UP 
thus, don't float CMOS Inputs. This action can turn on both ENABLE 
p- and n-channel transistors, resulting in supply-current 
drain. In bus-oriented systems, don’t allow the bus to be- 
come completely 3-stated or float for extended periods be- 
cause this will have the same effect as leaving inputs open. 


Bus structures subject to prolonged 3-state conditions 
should be terminated to ensure that the bus lines pull to 
either Vcc or ground. For short durations, the bus capaci- 
tance can maintain valid logic levels, so for short-time float- 
ing, pull-up or -down resistors might not be necessary. 


Finally, make sure your design ensures solid Voc and 
ground logic levels at 54HC/74HC inputs. If the logic Low is 
greater than 0.5V or the logic High is lower than Vcc—0.5V, 
then the normally Off p- or n-channel transistor can actually 
conduct slightly, causing additional Icc to flow (similarly to 
the previously discussed HCT “‘soft” levels). 


BE WARY OF STATIC LOADS 


Previous sections discussed the effects of capacitive loads 
on system power dissipation. What about resistive loads? In 
ultra-low-power systems, their contribution can be signifi- | 
cant, so it’s important to find ways to eliminate or minimize 

their detrimental effects. The loads could be pull-up resis- 

tors, bus terminators, displays, relays or peripheral drivers. 

Of course, the most obvious way to reduce power is to se- 

lect low-power relays or displays, for example, and to make MMTaHezed 

resistor values as high as possible. In addition, you can TL/F/8128-10 

switch these loads out of the circuit when not needed. 4002 <R < 200k 


Figure 10 shows a circuit that dissipates no static power; 

you can use it to terminate a 3-state bus to the last active FIGURE 10. Dissipating zero static power, this scheme 
logic level seen on the bus. This technique is useful to en- can serve to terminate a 3-state bus to the last active 
sure the bus doesn’t float when 3-stated. The circuit uses a logic level seen on the bus. To disconnect the 
74HC244 whose input is tied to its output. If the terminating terminating resistors, use the 3-state Enable command. 
resistors must be completely turned off, use the 3-state En- 

able. 
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Figure 17 illustrates a method of controlling a series of pull- 
up resistors using the output of an HC gate or 3-state buffer. 
Because HC outputs can pull up to Voc, you can use them 
as an enable for many pull-ups, as long as the parallel com- 


When considering whether you should add circuitry to dis- 
able pull-up resistors, remember that in CMOS systems, the 
pull-ups only dissipate power when the driving output is low. 
No power is consumed when the driving output is high or at 


bination of the pull-up resistors exceeds 2 kN. You'can also 
use the method for pull-down resistors. 


the 3-state level (disabled). 


THE FINAL SOLUTION: POWER DOWN 


When all else fails, the best way to reduce system power is 
to shut off the system or unnecessary parts. Before you do 
this, keep in mind that turning off the clock to a section of 
the system is almost tantamount to turning the section off 
(thanks to the ICs’ low leakage currents). The advantage of 
the clock-killing approach? It avoids the complications of 
the power-down methods that follow. 


Still, there are occasions in which parts of a system are 
powered down. When all or part of a system is shut off, or 
when one of several interconnected systems is powered 
down, you should respect several criteria to avoid spurious 
signals during the power-down period, and to eliminate pos- 
sibly fatal conditions. 


One condition that requires very careful consideration is the 
application of high-level signals to unpowered HC devices. 
Figure 12a shows in block form the basic concepts of pow- 
ering down part of a system. In this scenario, it’s possible to 
apply a logic One to the unpowered CMOS logic. If this 
happens to either an input (6) or a 3-state output (c), the 
device will still be powered. 





TL/F/8128-11 
FIGURE 11. Enable or disable pull-up resistors with this 
configuration. You can use an HC device’s outputs to 
enable several pull-ups. The scheme is also applicable 
to pull-down resistors. 
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(b) (c) 


FIGURE 12. This basic power-up and -down system (a) presents dangers to CMOS-logic ICs. As the 
input (b) and output (c) schematics show, a logic One can actually power up the “unpowered” system, 
thereby causing damage to input and output diodes. 





2-158 


6St-¢ 


POWER-CONTROL 
LOGIC 


BACK-UP —=> = MAIN 
SUPPLY “2-7 “s- SUPPLY 


OUTPUTS 


POWERED 
SYSTEMS 


POWER-CONTROL 
LOGIC 


OUTPUTS 


POWERED 
SYSTEMS 


POWER-CONTROL 


LOGIC 


BACK-UP “So 
SUPPLY 


INPUTS OUTPUTS 


POWERED- 
DOWN 
SYSTEM 


POWERED 
SYSTEMS 


POWER-CONTROL 
LOGIC 


BACK-UP “Ao = MAIN 
SUPPLY “3-7 “a SUPPLY 


INPUTS OUTPUTS 
POWERED- 


DOWN POWERED 
SYSTEM SYSTEMS 


INPUTS 


POWERED- 
DOWN 
SYSTEM 


INPUTS 


POWERED- 
DOWN 
SYSTEM 


TL/F/8128-13 


FIGURE 13. Solutions to the problems in Figure 12, these configurations protect CMOS circuits’ inputs and outputs in power-down situations. 
The brute-force solution in (a) limits input currents; (b)’s scheme forces inputs to ground; in (c), 3-state gates disable the inputs. 
In (d), 74HC4049 or -4050 level translators isolate inputs from the power supply. 
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Referring again to Figures 12b and 12c, the input protection’ : 


diodes and the output parasitic diodes form a path to the 
Voc pin. The voltage at this pin will be Viy—0.7V. The “‘un- 


si 


awe 


. ‘bookkeeping operations to prepare for power-down before 


’ the minimum correct operating voltage (V3) is attained. 


powered” system is really powered up by the logic signal: . 


through these diodes. If the ‘“‘unpowered” Vcc line accepts 
appreciable current, diode damage can (and usually does) 


result. a 


Figure 13 shows several solutions to the signal-powered . 


(a) limits the current to 20 mA max. This low-cost, brute- 
force solution has the undesirable tendency, however, to 
dissipate power from the supply. 


To avoid extra power consumption, you can use the meth- - 
ods in Figures 13b to 13d. Upon removal of power, addition- 
al logic can force all inputs to ground (6). Alternatively, 3- ° - 
state logic can disable the signals by presenting an open . ...- 
circuit (c). The third possible solution (d) is to use a. °: 


74HC4049 or 74HC4050—circuits that lack a Vcc diode. In 
this case, even when power is removed the inputs are iso- 
lated from the power supply. 


A situation analogous to the previous section’s might occur 
on bidirectional buses or in ‘“‘party-line’ media, where 3- 
state output devices are powered down on the bus. In this 
case, power down all! but the 3-state buffer, as shown in 
Figure 14, Because the buffers inputs are shut off, the IC 
draws negligible extra power. 


In addition to ensuring that power-down proceeds smoothly, 
it’s important to guarantee that spurious signals from the 
subsystem that’s shutting down do not cause logic errors in 
the powered section. For example, battery-backed memory 
must be controlled to prevent spurious writes by the host 
processor that’s shutting off. 


Figure 15 illustrates a method for eliminating spurious oper- 
ation upon loss of power. First, the system detects the loss 
of system power prior to the system’s malfunction by com- 
paring the system voltage to an arbitrary minimum voltage 
(V2), or by directly monitoring the ac line for loss of 50 or 60 
Hz. Having detected this loss, the system should perform all 


= me toe 
[rowereo BUS DRIVER 
HC240/1/4/5 


At V3, the system cannot be guaranteed to function correct- 
ly—therefore, powered logic should disable all signals that 


.' might affect the powered or battery-backed subsystem. 


SYSTEM BUS 





POWER SUPPLY VOLTAGE. 


Once stable power is restored to the minimum operating 


- voltage (V4), the signals should be re-enabled. 


*a-.. .” Clearly, there is more to shutting off a system (while leaving 
“unpowered” problem. A resistor in series with each input’... — . 


part of it powered by a backup battery) than just switching 
the power supplies. The primordial design consideration 
when powering down a system is to ensure that spurious 


. signals do not destroy valuable data or logic conditions in 


the battery-operated subsystem. 
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.FIGURE 15. Prevent spurious host-processor write 
operations in battery-backup systems by using this 
graph’s concepts. To sum up, the system should 
prepare itself for power-down before minimum- 
operating voltage V3 is reached, and re-enable signals 
when V,j is attained upon power-up. 
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FIGURE 14. Powering down all but the 3-state buffer, this method protects CMOS ICs’ 
output-protection diodes. The buffers draw negligible system power. 
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DC Noise Immunity 
of CMOS Logic Gates 


Introduction 


The immunity of a CMOS logic gate to noise signals is a 
function of many variables, such as individual chip differenc- 
es, fan-in and fan-out, stray inductance and capacitance, 
supply voltage, location of the noise, shape of the noise 
signal, and temperature. Moreover, the immunity of a sys- 
tem of gates usually differs from that of any individual gate; 
thus a generalized analysis of the noise immunity of a logic 
circuit becomes a very complex process when one takes all 
the above parameters into consideration. 


The complementary structure of the inverter results in a 
near-ideal input-output characteristic with switching point 
midway (45%-55%) between the ‘‘0” and ‘1”’ output logic 
levels. The result is a high noise immunity (defined as the 
maximum noise voltage which can appear on the input with- 
out switching an inverter from one state to another). Nation- 
al’s CMOS circuits have a typical noise immunity of 0.45 
Vcc. This means that a spurious input which is 45% of the 
power supply voltage typically will not propagate through 
the circuit. However, the standard guaranteed value through 
the industry is 30%, 

This note describes the variation of the transfer region (or 
DC noise immunity) of a multiple-input gate in conjunction 
with the gate configuration—a consideration important in 


the system design. 
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FIGURE 1. Minimum and Maximum Transfer 
Characteristics for (a) Inverting Logic Function and (b) 
Noninverting Logic Function 
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Transfer Characteristics 
FIGURE 7 illustrates minimum and maximum transfer char- 
acteristics useful for defining noise immunity for an inverter 
and a non-inverter. Some definitions are as follows: 

VIH min= the minimum input voltage high-level input 

for which the output logic level does not change 


state. 
Then: 


VnL= Vitmax= “low level’ noise immunity 

VNH= Vop— ViH= “high level” noise immunity 

VouHmin = Minimum high level output voltage for rated 

Vnc [for inverting function as in Figure 1(a)] 
Table 1 shows the UB and B series noise immunity and 
noise margin ratings determined by the Joint Electron De- 
vices Engineering Council (JEDEC). B series ratings are 
slightly higher than the UB series because of the buffered 


nature of these gates. 


TABLE |. UB and B Series DC Noise Immunity 
and Noise Margin (Ta = 25°C) 


Characteristics 


Input Low Voltage 
Vi_ max 
B types 


UB types 


Input High Voltage 
Vin min 
B types 


UB types 
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Test fapiit 
Conditions P 
Voltage 


(V) (V) 


0.5/4.5 
1/9 
1.5/13.5 


0.5/4.5 
1/9 
1.5/13.5 


0.5/4.5 
1/9 
1.5/13.5 


0.5/4.5 
1/9 
1.5/13.5 


5 
10 
15 

5 
10 
15 
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Since the MOS transistors are voltage-controlled resistors, 
the transfer characteristics and consequently the DC noise 
immunity are determined by the parallel series combination 
of the transistor impedances in conjunction with the input 
voltages, the number of inputs, and the gate circuit configu- 
ration. This consideration becomes more important for a 
system designer who has harsh-noise-prone applications. 


The value of the standard transistor ON resistance may vary 
from 10 MQ down to almost 300 (depending on the dimen- 
sions of the MOS-FET and applied voltages). For different 
input conditions, different combinations of the impedances 


‘of the N-channel transistors connected in parallel and the 


P-channel transistors connected in series will come into 
play for a NOR gate. This is illustrated in Figure 2. For a 
NAND gate, similar considerations hold good and give rise to 
varying transfer characteristics as shown in Figure 3. 


Example of CD4001 
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FIGURE 2. Typical Transfer ON/OFF Resistances for 
Various Input Combinations for CD4001 


Analysis 

The DC transfer characteristics of the CMOS inverter can 
be calculated from the simplified DC current-voltage charac- 
teristics of the N- and P-channel MOS devices. 


In the transfer region, where both transistors are in satura- 
tion, the following relationships can be used for an inverter. 


N-channel drain current will be: 


las = “S2(Vin = Vrne (1 
P-channel drain current will be: | 
—ldsp = *e (Vin - Vop — Vtp)? 

where: | . 

Kn = Bn Cox bid Kp = uP Cox Wp 


Taking the ratio of (2) and (1): 


lldsp| _ Kp (Vin - von ~ VrP)? 
lisn Kn (Vin — VtN)2 


Kp _ lldsp| (Vin — Vn)? @) 
Kn —ldsn (Vin — Vop — Vt)? 

Studies made at National show good correlations between 
the process monitor pattern and actual device on a wafer 
for drive currents. Thus the ratio Kp/K, can be calculated 
for the actual device if one knows drive currents for the test 
pattern, widths of N- and P-channel devices and threshold 


voltages from a given process. 


The transition voltage is calculated from basic current equa- 
tions and from the fact that some current has to flow 
through P- and N-channel devices. Equating saturation cur- 
rents and rearranging terms, one can obtain’: 


Transition Voltage = Vin* 


K 
Vin + 4/2 Vo ~ Vel) 
_ n 
V1 + Kp/Kp 
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FIGURE 3. Allowed Voltage Transfer Curve Shifts 
which Result Due to Various Input Combinations 
of Multiple Input Gates 
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By selecting |Vtp|=Vtn and Kp= Kp, transition voltage can 
be designed to fall midway between OV and Vpp—an ideal 
situation for obtaining excellent noise immunity. However, it 
is not always possible to obtain equal threshold voltages 
because of process variations. Also, W/L ratio for a P-chan- 
nel device must be made 2 or 3 times larger than W/L ratio 
for an N-channel device to take into account mobility varia- 
tions. The designer should consider these factors when de- 
signing for the best noise immunity characteristics. 


In equation (4), the value of Kp/K, substituted is obtained 
from equation (3). With different gate configurations, effec- 
tive Wp and W, values change; also, Kp/K, ratio changes 
and a shift in transfer characteristics results. 


For the 4-input NOR gate like CD4002, an empirical relation 
for the low noise margin Vy has been obtained, which is as 
follows: ; 


1 
VNL ~ Vop nce 0.1 (5) 
1.5 +— 

Nm 


where: 
Nj =number of used inputs/gate 


Nm= total number of inputs/gate 


NORMALIZED 
Vout 


1 


0.3 0.7 NORMALIZED 
Vin 
4-INPUT NOR 
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The input voltage high noise margin Vy; can be calcu- 
lated by: 


1 
VNH ~ Vpp] 0.9 - ———_ (6) 
1.5 + — 
Nm 
Similar equations can be derived for a NAND gate. 


From equations (5) and (6), one can see that the low noise 
margin Vx will decrease as a function of the number of 
controlled inputs, while it will increase for a NAND gate. The 
input HIGH noise margin will increase as a function of the 
number of controlled inputs for the NOR gate; for the NAND 
gate it will decrease. 


Figure 4 depicts Voyt=f (Vin) for different configurations 
for NOR and NAND gates. The system designer can thus 
use these facts effectively in his design and obtain the best 
possible configuration for the desired noise immunity with 
National’s logic family. 
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FIGURE 4. Example of Transfer Voltage Variation for NOR and NAND Gates for Various Input Combinations 
1. Carr, W.N., and Mize, J.P., MOS/LS/ Design and Application, Texas Instruments Electronic Series, 1972 
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Follow PC-Board 
Design Guidelines 

for Lowest CMOS EMI 
Radiation 


National Semiconductor 
Application Note 389 
Roger Kozlowski 


The application of such high-speed CMOS-logic circuits as the 54HC/74HC 
family (as compared with CD4000 metal-gate logic) 
requires special attention to pc-board design 
to minimize conducted and radiated noise. 


The need to reduce a logic system's noise emission is be- 
coming ever more apparent with the increased use of high- 
speed electronics, and with the progressive tightening of 
regulations covering the amount of permissible radiated sys- 
tem noise. This article presents empirical and analytical 
techniques for effective EMI control of 54HC/74HC high- 
speed CMOS-logic circuitry. 

Several sources conduct or radiate EMI from electronic ap- 
paratus. Among these are 


© antenna loops formed by ICs and their decoupling capac- 
itors 


® pc-board traces carrying driving-and driven-chip currents 
® common-impedance coupling and crosstalk. 


To minimize EMl-related problems, you must reduce all ex- 
traneous system noise, reduce the effects of parasitic pc- 
board trace antennas, and employ effective system shield- 
ing. The following sections examine these EMI sources and 
present techniques of minimizing them for high-speed 
CMOS logic. 


BEWARE COMMON IMPEDANCES 


The most obvious precaution to take in any analog or digital 
design is to minimize the extent of common-impedance 
paths. Figure 7 gives a generalized representation of a logic 
layout in which the earth ground and the signal ground are 
not common. Methods of reducing EMI focus on the mini- 
mization of common-impedance paths, shown here primarily 
as ground-line impedances Z; through Z4. Signal-line im- 
pedances, though not shown here, could also come into 
play. 

These common impedances result in noise emission, arising 
from the ground-line voltage drops that occur during current 
switching; you can generally reduce the drops by enlarging 
the ground conductor in order to reduce its effective imped- 
ance. This action has a secondary advantage: The ground 
trace can form a shield that reduces emission by other cir- 
cuit traces, particularly in multilayer circuit boards. 


Stray coupling capacitances (shown in Figure 7 as C, and 
Co) that effectively “bridge” signals from one trace to an- 
other constitute a second source of noise. These paths can 
occur as the result of coupling from one pc-board trace to 
another or, alternatively, from an IC package to the pc 
board. 

Impedances Z, through Z, are functions of the thickness of 
the copper pc-board foil, circuit switching speeds and the 
effective lengths of the traces. The common-impedance 
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paths provide the coupling by which noise currents are in- 
jected, circulated and finally returned to any package on the 
pc board. 


The amount of voltage generated by the noise/switching 
currents multiplied by the impedances is difficult to predict. 
However, the higher the impedances, the higher the radiat- 
ed noise. An easy empirical method that can serve as a 
general rule is to render the pc board as optically opaque as 
possible by making ground and supply trace areas as large 
as possible (Figure 3). This measure lowers the trace im- 
pedances. As a side benefit, it helps to conserve the etch- 
ant bath in the manufacturing process. 


MEASURE PC-BOARD NOISE FOR EM! CONTROL . 


A simple but effective technique for isolating noisy circuit 
areas is to use a wideband (> 100 MHz) oscilloscope with a 
differential-amplifier front end, as shown in Figure 2. You 
use the scope to “snoop” along the various circuit paths, 
looking for noisy elements on the pe board. 


Noise appears as a small signal voltage across common-im- 
pedance paths, as well as along supply traces. Figure 2 
shows the impedance coupling occurs at ground C-B toward 
ground B-A; ie, noise will likely propagate from package A 
toward package C. 





PC ane 
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GROUN CAPACI 
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GROUND 


TL/F/8417-1 
FIGURE 1. Common-impedance paths contribute to 
EMI emissions. They give rise to ground-line voltage 
drops, as do stray coupling capacitances. 
The solution? Beef up ground traces; 
cover the board with them, If possible. 
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Vcc-supply coupling occurs from package A toward pack- 
age C. In like manner, coupling occurs from Vcc supplies F 
to C, E to B and D to A. Check all paths to determine the 
overall noise level of the circuit layout under maximum 
clocking conditions and data-transfer rates. 


This technique helps you look at the overall qualitative noise 
level of the pc board and helps isolate areas of potential 
noise upset. It’s not, however, a substitute for the use of a 
qualified EM! facility. Only by rigid testing and measurement 
under FCC specified conditions can you be assured of EMI- 
limit certification for electronic equipment. 


Typical Switching Characteristics 
(Assume 5V at 25°C) 


Edge Speed | Input Capacitance | CdV/dt 
beagle Family io 8 tea 


74C/cD4000 | cp4000| 0.05 


74LS 





TRANSITION TIMES AFFECT EMI 


The edge rate of an IC’s power-supply spike is primarily a 
function of its signal rise and fall times and its capacitive 
load, expressed by C(dV/dt). The edge rate is usually ex- 
pressed in milliamperes per millisecond. For a fixed signal- 
line or power-supply-trace inductance, the faster the IC’s 
signal rise and fall times, the greater the potential for radiat- 
ed noise. 


The table shows typical speed values for some popular log- 
ic families. C(dV/dt) is a measure of the inherent emission 


behavior—ie, the higher the switching current, the greater 
the likelihood of noise-energy emission. You can establish a 
benchmark of the relative emission by taking the edge rate 
times the typical input capacitance. As the table shows, HC 
has a slightly higher edge rate but a slightly lower input ca- 
pacitance than LS TTL, resulting in a ce: figure similar 
to the latter’s. 


This conclusion, however, does not take into account other 
internal spike currents not associated with output loading. 
These actually increase HC noise slightly. However, HC still 
achieves approximately the same inherent-noise level as LS 
TTL, and about 10 times that of CD4000. Don’t fall into the 
trap of believing that because CD4000 and 74C logic use 
CMOS technology and have low EMI characteristics, HC 
CMOS logic has low EMI as well. 


As seen, the C(dV/dt) figure for the signal lines of 
54HC/74HC is about the same as that of LS TTL. Its rela- 


_ tive noise is thus about the same. Note that the inherent 


Vcc noise generated by high-speed CMOS is somewhat 
higher than LS TTL’s. This is due to the impedance mis- 
match of the power supply to the IC’s supply lines, and to 
the slightly greater internal spiking in 54HC/74HC circuits. 
In spite of this higher noise potential, however, proper layout 
and supply decoupling yield CMOS EMI characteristics simi- 
lar to those of LS TTL. 


An effective method for reducing EMI is to decouple the 
power supply by adding bypass capacitors between Voc 
and ground. This technique is, of course, closely related to 
general power-supply decoupling, the goal of which is to 
maintain correct logic levels. The design of effective decou- 
pling and bypass schemes centers on maximizing the 
charge stored in circuit bypass loops while minimizing the 
inductances in these loops. 
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FIGURE 2. This simple setup for evaluating board noise allows you to isolate problem areas qualitatively. The high- 
speed oscilloscope’s differential-amplifier input detects voltage drops along ground and supply lines. 





The high decoupling charge levels ensure adequate short- 
term supply current during supply spiking that’s provoked by 
logic-element switching. Low shunt inductances guarantee 
minimum voltage drops arising from transients with fast 
edge rates. 


What are the basic requirements for decoupling a power 
supply? First, you must match the power supply’s imped- 
ance to that of the individual components. Any power supply 
presents a low source impedance to other circuitry, whether 
it be individual components on the same board, or other 
boards in a multiboard system. These components or 
boards can comprise logic, memory, microprocessors, ana- 
log functions or combinations thereof. You must match the 
supply’s impedance to the components’ in order to lessen 
the potential for voltage drops caused by IC edge rates, 
ground- or signal-level shifting, noise-induced currents or 
voltage reflections. 


To minimize this mismatch, it's important to use a suitable 
high-frequency capacitor for bulk decoupling of major cir- 
cuitry sections, or for entire pc boards in multiboard sys- 
tems. This capacitor is typically placed at the supply’s entry 
point to the board. It should be an aluminum- or tantalum- 
electrolytic type having both low equivalent series resist- 
ance (ESR) and low equivalent series inductance (ESL). 
ESR values should range from 1.2 to 40, ESL impedance 
from 2 to 3 (at the system’s operating frequency). This 
capacitor’s value is typically 10 to 47 wF. You might addi- 
tionally need a 0.1 uF high frequency ceramic capacitor if 
supply noise continues to be a problem. 


There exists a second class of decoupling that requires 
careful examination—that of the ICs themselves. Figure 4 
gives a typical IC’s decoupling-circuit model; it shows the 
parasitic inductances resulting from various lead and trace 
inductances. The total voltage caused by the switching cur- 
rents at the IC’s pins is the voltage stored in the capacitor, 
Voc, minus the drops across the capacitor’s ESR and series 
inductances: 


dl 
Vic = Voc — (I)(ESR) + at (ESL) + LL + Lpo + Lec. 


Because a capacitor’s ESR is typically much smaller than its 
high-frequency reactance, you can consider the (i)(ESR) 
term to be negligible. Rearranging the equation and group- 
ing all inductances together yields 


~ dl 
Vic = Vec — at (ESL) + LtoTAL- 
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RETURN 
TL/F/8417-3 
FIGURE 3. Extra-wide supply and return traces 
help reduce EMI emissions. Make your boards 
as “optically opaque” as possible. 
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Using this second equation, you can calculate a circuit's 
maximum allowable decoupling inductance, given the !C’s 
edge rate and the maximum allowable transient voltage 
drop. This calculation is applicable to general logic-leve! 
noise computations as well. For example, for a 500 mV max 
drop at Vcc = 5V and di/dt = mA/ms, the total inductance 
must not exceed 100 nH. You can then use this calculation 
to determine the maximum distance between the IC and the 
bypass capacitor if you know the trace inductance per centi- 
meter. 


The foregoing considerations apply to the reduction of noise 
for suppressing EMI. However, minimizing noise will also 
help retain maximum logic-level noise immunity. Most popu- 
lar bipolar-logic families require 0.01- to 0.1 pF RF-grade 
capacitor placement roughly every two to five packages, de- 
pending on the exact application. For high-speed CMOS 
logic, a good rule of thumb is to place these bypasses every 
three to five ICs, depending on supply-voltage, operating- 
speed and EMI requirements. !n some cases, moreover, it 
might be helpful to add 1 pF tantalums at major supply- 
trace branches, particularly on large pc boards. 


In addition to reducing the effects of pc-board trace induc- 
tance by bypassing, you should observe careful layout pro- 
cedures to minimize these inductances. You must therefore 
maintain the close proximity of ICs and decoupling capaci- 
tors. In a specific ‘“how-not-to” example, Figure 5a shows a 
poor power-rail layout that even the best decoupling capaci- 
tor can not clean up; (6) shows the circuit’s equivalent se- 
ries inductances. 


In this horror-show scenario, the layout of power-supply and 
return traces is poor. They’re too widely separated, resulting 
in a large parasitic-antenna loop area, and hence large in- 
ductances and much emitted energy. These inductances 
can result in a significant voltage drop (that the 54HC/74HC 
logic might tolerate), and they can result in excessive noise 
generation. 
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TL/F/8417-4 
Notes: 
Lin = Total Input Inductance 
LL = Total Capacitor-Lead Inductance 
Lpc = Total PC-Board-Trace Inductance 
Lic = Total IC-Lead Inductance 


FIGURE 4. Decoupling is no simple matter, as 
borne out by this equivalent circuit. The bypass 
capacitor’s ESR and ESL and the supply line’s 
series inductance all play a detrimental role. 
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Figure 6 shows methods for reducing the pc-board traces’ 
inductive effects. The power-rail layout in (a) has a low se- 
ries inductance, thanks to the smaller loop area and the 
close. proximity of the ground and power-supply traces. 
These factors result in a lower characteristic impedance, 
which in turn reduces the line-voltage drop. Part (6) shows 
an alternate orthogonal placement; this geometry results in 
a similar loop-area reduction (hence EMI reduction), but it 
needs a greater amount of layout area. 


CONTROLLING IMPEDANCES 


Along with power-supply decoupling, you must consider ef- 
fective line lengths and terminations in order to reduce 
noise emission caused by line reflections and mismatch-in- 
duced ringing. Because of the fast edge rates discussed 
earlier, signal-line lengths and transmission-line effects be- 
come important factors. When the signal’s transit time is 


DECOUPLING 
CAPACITOR 


GND 


TL/F/8417-5 


(a) 


greater than the logic’s switching time, source and foad ter- 
minations become critical in long trace runs. A pc board with 
a dielectric constant of 2 to 3, for example, produces delays 
of approximately 0.05 ns/cm. To determine the line lengths 
at which these considerations become important, use the 
following equation: 


tr 
L<10 N’ 

where L = interconnect-trace length in centimeters; ta = 
logic rise time in nanoseconds; and N is the number of driv- 
en logic inputs. Thus, for a 54HC/74HC logic device driving 
six other devices, the allowable trace length is 10(6 ns)/6 = 
10 cm. This figure represents the maximum allowed trace 
length to avoid waveform distortion. Implicit in the trace- 
length calculation is the minimization of pulse reflections, 
ringing and harmonic generation, which can add to EMl. 
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FIGURE 5. This “how-not-to” hookup (a) shows the wrong way to decouple an IC. The layout produces a large loop- 
antenna area for emitted noise. The equivalent circuit for this configuration is shown in (b). 
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FIGURE 6. These recommended supply and return layouts help reduce EMI. The reason? They minimize loop area 
and characteristic impedance, thanks to the proximity of the supply and return lines. The orthogonal arrangement 
in (b) requires more area than (a)’s lateral layout, but it produces similarly effective results. 





2-168 


PLACEMENT IS IMPORTANT 


Printed-circuit boards using 54HC/74HC could contain sec- 
tions of high-speed circuitry combined with sections of low- 
speed circuitry. Figure 7 shows the recommended place- 
ment of these sections for both single-board (a) and multi- 
board (6) systems. In the former situation, it’s preferable to 
group all the high-speed circuitry close together. Grouping 
the system by speed reduces the overall trace lengths in the 
high-frequency section, which is critical to reducing the 
overall EMI. 


This line-length reduction cuts line reflections, cross-talk, 
common-impedance coupling and ringing. Note that the 
higher speed sections are grouped near the power supply 
as well. The reason? Switching power supplies can be large 
sources of radiation; external shielding of both the supply 
and the high-speed circuitry is therefore advisable. 


Relative circuit speeds play the important role here. Conse- 
quently, the example doesn’t give typical values for low, me- 
dium or high frequencies. One possible criterion would be to 
examine the corner frequency or bandwidth of each IC. 
Also, you must give consideration to !C-interconnection 
paths. Grouping logic by speed tends to minimize intercon- 
nection lengths in general. Depending on the design, how- 
ever, this point might not be entirely true in some cases. 


Figure 7b shows the grouping of ICs on a pc board used ina 
multiboard system. In this case, the high-speed circuitry is 
grouped near the bus connector. The reason for this is that 
the bus connector usually carries very-high-speed signals; 
grouping high-frequency circuitry near it minimizes circuit 
trace lengths. As shown, the lower speed sections are 
placed further from the edge connector. 


SHIELD THE SYSTEM 


Even though good layout and pc-board design techniques 
can greatly reduce EMI, in some cases they’re not enough; 
you must shield the internal circuitry to reduce emissions 
further. The exact design requirements for effective shield- 
ing are beyond the scope of this article. However, the topic 
deserves brief mention. Typically, shielding is accomplished 
by enclosing the high-speed circuitry in a metal enclosure 
that has a good earth- and system-ground connection. 
Ideally, the enclosure completely seals the internal circuitry. 
In practice, however, the system enclosure will have 
“holes” appearing at the places where the system interfac- 
es to the real world. For example, a display, keyboard or 


disk drive might require enclosure cutouts to allow cables to 
enter the system’s box. Moreover, vents and fans might be 
required for cooling. 


It’s important in critical situations to minimize these holes. In 
this respect, 54HC/74HC has an advantage over other logic 
families. Thanks to its lower power consumption, you can in 
many cases eliminate vents and fans, and thus seal the 
enclosure more effectively. 
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FIGURE 7. Grouping ICs by frequency can help. 
In (a)’s single-board layout, the high-speed circuitry 
is placed closest to the power supply. In (b)’s 
miltiboard system, the high-speed units are the 
closest to the board connector. 
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Understanding 300 Baud 
Modem Specifications 


Understanding the specifications commonly used for 300 
Baud modems presents a major hurdle for first time modem 
buyers. Not only are some specifications subtle, but few 
standards exist, so apparently similar specifications may re- 
flect vastly different performance. Understanding the condi- 
tions under which a modem is actually tested, and how 
those conditions will affect performance, will allow these 
specifications to provide useful insight into modem perform- 
ance. 


A MODEM EVALUATION SYSTEM 


A typical modem test system is illustrated in Figure 7. The 
setup consists of two modems, the “standard” modem 
which is mainly used to transmit data, and the Modem Un- 
der Test (MUT) which demodulates this data. The data pat- 
tern for this transfer is generated by data pattern generator 
#1, and the transmitted and received data may be com- 
pared in the data analyzer. The storage oscilloscope may be 
used to compare transmitted and received data for distor- 
tion which is too small to cause errors detectable by the 
data analyzer. 


A phone line simulator and noise generator may be inserted 
into the signal path to simulate a noisy phone line, so the 
MUT may be analyzed under operating conditions closely 
resembling actual conditions. 


The data pattern generator #2 is used to exercise the MUT 
so it is operating under full duplex conditions. As the MUT’s 
modulator and demodulator may interact, it is necessary 
that the MUT’s modulator be fully exercised during modem 
evaluation. 


It is possible to buy equipment which is capable of perform- 
ing all the functions of data generation, data comparison 
and data quality analysis (the task of the storage oscillo- 
scope) in one unit. Such equipment is made by several ma- 
jor manufacturers and greatly simplifies modem evaluation. 
This discussion will not combine these tasks into one unit as 
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this allows greater insight into the parameters being mea- 
sured and their relevance to the overall system. 


It is common to use a modem which is identical to the MUT 
as the ‘‘standard”’ modem. This allows the total distortion, in 
both the modulator and demodulator to be evaluated in one 
measurement. As there is no accepted industry standard 
“ideal’’ modem, it is difficult to find a better alternative for 
the ‘‘standard” modem. 


TELEPHONE LINE SIMULATORS 


Modem performance will vary depending on the phone line 
through which it transmits. An “ideal phone line” consisting 
of a resistive “T’’ network will give generally better perform- 
ance than a typical phone line, or a very bad phone line, due 
to the amplitude, phase, harmonic and echo distortion pro- 
duced by phone lines. Telephone line simulators allow rea- 
sonable representation of actual conditions and are control- 
lable in an engineering environment. 


There are two types of phone line simulators commonly 
available. One class of phone line simulators only simulate 
the amplitude and phase characteristics of a phone line. 
Although these simulators are designed to operate in a 
6002 system, their input impedance is not representative of 
a typical phone fine. (See paper by Gresh (7) in reading list 
at end of this article). Some modems have a dynamic range 
which is sensitive to the impedance ‘‘seen”’ sooking into the 
phone line. (This occurs because a mismatch between the 
modem and the phone line causes modulation sidebands of 
the modulator to be reflected back into the demodulator and 
thus degrade the received signal to noise ratio). Thus these 
simulators are not particularly suitable for modeling the mo- 
dem to phone line interface. This type of simulator is avail- 
able as a sealed unit with input and output terminals. They 
are available with “typical”, “worst case” and other charac- 
teristics. An advantage of this type of simulator is that they 
are simple to use and specify. Some normalized frequency 
response plots of these simulators are shown in Figure 2. 
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FIGURE 1. Modem Evaluation Block Diagram 
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FIGURE 2. Response of Noise Weighting Filter and Phone Lines 


A second class of simulators is capable of simulating a wide 
range of phone lines. These simulate amplitude, phase and 
input impedance characteristics. They consist of many units 
each representing a section of phone line wire. These can 
be interconnected at will to simulate a wide variety of phone 
line lengths, gauges, and configurations, including tapped 
and loaded lines. Although this type of simulator is flexible, 
no modem testing standards exist describing how it should 
be connected for writing specifications. 


Neither of these simulators allow much flexibility in control- 


ling attenuation through the line, or for adding noise to the 
line. Thus the final line simulator used will generally consist 
of a commercially available unit with some added hardware 
to allow controlled noise mixing and signal attenuation. 


THE NOISE GENERATOR 


The noise generator is used to simulate noise on the phone 
line which might adversely affect modem performance. 
Noise generators must be accurately specified before their 
effect on a given circuit can be evaluated meaningfully. 


The spectral properties of noise have considerable influ- 
ence on its effect on modem performance. Only noise with 
frequency components close to the tones used by modems 
will interfere with their operation. Noise with spectral com- 
ponents far from the modem tones will contribute to the 
noise power in the system and will thus affect a noise mea- 
surement, but it will not affect modem performance. It is 
thus necessary to use noise with well defined frequency 
characteristics in order to achieve a meaningful noise mea- 
surement. 


A common choice of noise bandwidth is called ““C-Message 
Weighted”. The C-Weighted frequency response is shown 
in Figure 2. This response was chosen to allow comparison 
of noise power in relation to its effect on the perceived noise 
of a phone line, i.e., it is a combination of the effect of a 
telephone earpiece and the human ear. It is thus not entirely 
appropriate to modem characterization. A disadvantage of 
the C-Weighted response is the complexity of the filter re- 
quired to generate it. In spite of these disadvantages the 
C-Weighted response has become almost the de facto 
standard of modem testing. 


It is important that the noise mixer be on the MUT side of 
the phone line simulator. If this is not done the phone line 
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simulator will modify the bandwidth of the noise reaching 
the MUT. The main effect of this is to reduce the amplitude 
of the noise at the skirts of the C-Weight bandwidth. This 
causes the noise to be concentrated around the received 
signal tones, and thus causes an apparent degradation of 
performance. This performance degradation is often errone- 
ously attributed to the gain and phase distortion produced 
by the phone line simulator. This is discussed further in the 
discussion of bit error rate testing later in this article. 


THE E.1.A. RS-334-A SPECIFICATION 


The RS-334-A specification “Signa! Quality at Interface Be- 
tween Data Terminal Equipment and Synchronous Data Cir- 
cuit-Terminating Equipment for Serial Data Transmission” 
published by the Electronic Industries Association (E.1.A.) 
gives valuable information on the measurement and specifi- 
cation of data distortion. 


Unfortunately, many manufacturers do not specify their mo- 
dems in a manner consistent with E.I.A. RS-334-A. This 
document discusses “isochronous distortion” of data, which 
is a measure of the total distortion of a serial data pattern. 


Many modem manufacturers, however, prefer to discuss the 
data distortion in terms of “bias” and “jitter”, which are 
more intuitive terms than isochronous distortion. Isochro- 
nous distortion can be found by summing the effects of bias 
distortion and jitter, so it is possible to calculate RS-334-A 
compatible specifications from this data. 


E.I.A. make a very important point regarding all bias, jitter 
and bit error rate measurements and specifications: 


“The result of the measurement should be completed by an 
indication of the period, usually limited, of the observation. 
For a prolonged modulation (or restitution) it will be appro- 
priate to consider the probability that an assigned value of 
the degree of distortion will be exceeded.” 


This is a consequence of measurements made in the pres- 
ence of random signals, and is typical of most modem pa- 
rameters. Modems are designed to operate in conditions 
which are better described by probabilities (e.g. the proba- 
bility that the input impedance of a phone line will fall inside 
certain limits, or that the signal to noise ratio at the modem 
will have a certain value). Thus it is important when writing 
modem specifications to carefully describe, and be able to 
interpret, test conditions. 
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ISOCHRONOUS DISTORTION 


Isochronous distortion can be measured with the configura- 
tion of Figure 1. A long pseudo-random data string is trans- 
mitted by the “Standard” modem and demodulated by the 
MUT. This test is usually performed with no noise added to 
the system. As time progresses a pattern will develop on the 
storage oscilloscope. This buildup is demonstrated in Figure 
3 which shows the pattern at four successive time instants. 
As the scope was triggered by the data clock, the time T; 
represents a range of times it took the data edges to propa- 
gate through the system. This is a distortion of the data 
edges as it represents a time in which the modem output is 
indeterminate, and carries no information. During the re- 
maining time of the bit cells, however, the modem output is 
fixed at a mark or a space, and thus carries information. 





B 
(ONE BIT TIME) 
TL/F/8423-3 
FIGURE 3. Isochronous Distortion Pattern Buildup 


From this pattern the isochronous distortion is defined to be 


p= x 100% 


where B is the bit time, and Tj is the total spread of data 
transitions. 


BIT BIAS 


“Bit bias” refers to the propensity of a modem demodulator 
to favor a mark or a space. It is most commonly measured 
using the setup of Figure 7 with an alternate (1010...) pat- 


BIT CELLS BOUNDARIES 


tern from the data pattern generator #1. Note that an alter- 
nate pattern is equivalent to a 50% duty cycle square wave 
at half the baud rate. 


' After this pattern is sent for some period, a pattern as 


shown in Figure 4 will build up. The rising and falling edges 
of the pattern do not occur at the same time relative to the 
data clock (the oscilloscope trigger input) and so a range of 
edges at the data transition are recorded. !f the modem 
produces bias distortion the average position of the tran- 
sitions will differ from the edge of the bit cell. This bias will 
cause the modem to show an average duty cycle at the 
demodulator output which differs from 50%. 


From this pattern, bias as a percentage may be defined. A 
definition consistent with RS-334-A would be 


- 
Bias = 72 | X 100 (%). 


This may be manipulated into an equivalent definition: 

Bias = | Average Duty Cycle — 50| x 2.0 (%) 
Some modem manufacturers have used the alternate defini- 
tion 


_ _ | Tb 
Bias ~ | =" 


Le} 

5 | X 100 (%). 

There does not appear to be any apparent reason for the 
variation of specifications used. One possible justification 
for dividing by two bit times is that the distortion Th of Figure 
4 could be considered as distortion to both the mark and the 
following space. Thus the distortion should be divided be- 
tween the two data bits. When reviewing modem specifica- 
tions it is important to know which bias definition is being 
used. 


The MM74HC942 and MM74HC943 300 baud modems use 
the second definition so as to be consistent with other man- 
ufacturers of modem components. 


Bit bias is amplitude dependant for some modem designs. 
This makes it difficult to decide under what conditions bias 
should be specified. Figures 5 and 6 show the bias for the 
MM74HC942, the MM74HC943 and another modem plotted 
against signal strength. Note that for the other modem the 
bias is signal strength dependant, whereas for the 
MM74HC942 and MM74HC943 it is not. This demonstrates 
the necessity for specifying the conditions under which bias 
is measured, and the extent to which it is design dependent. 
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FIGURE 4. Modem Output Pattern for Blas Measurement 
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FIGURE 5. Bit Bias vs Received Signal (Originate Mode) 
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FIGURE 6. Bit Bias vs Received Signal (Answer Mode) 


BIT JITTER 


Bit Jitter refers to variation of propagation delay through the 
data path. The term “jitter” comes from apparent move- 
ment of the data edges observed on an oscilloscope. Figure 
7 shows the pattern which will build up on the storage oscil- 
loscope of Figure 7 if an alternate pattern is being generat- 
ed by data generator #1. The rising and falling edges of the 
pattern do not occur at the same time relative to the data 
clock, producing the variation Tj of these edges. This varia- 
tion is bit jitter. 
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FIGURE 7. Modem Output Pattern Showing Jitter 
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There are several distinct mechanisms contributing to bit 

jitter; 

1) Intermodulation between data and carrier. 300 baud mo- 
dems are asynchronous. This means the data can 
change at any time during a carrier cycle. The ability of a 
demodulator to detect this data change can vary depend- 
ing on the time of the data change relative to the carrier. 
Thus the demodulator response varies, and jitter is pro- 
duced. 

2) Noise. This may come from internal circuitry, or from the 
phone line. When jitter is evaluated it is usually done with 
external noise sources squelched, so the modem, rather 
than the test circuit, may be evaluated. 


3) Time quantization (this refers to the finite switching speed 
of sampled data systems). As the data is not sychronized 
to the modem clock, the modem may not recognize a 
data change for an entire clock cycle. This will cause a 
variation of response. 
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4) Data history. This contributes jitter because most demod- 
ulator circuits have memory. This is demonstrated by the 
circuit of Figure 8 whose response to various input sig- 
nals is shown in Figure 9. In Case A the data input con- 
sists of one mark. The RC network does not have time to 
reach equilibrium. In Case B however, the input consists 
of a sequence of marks followed by a space. In this case 
the RC network has equilibrated at the mark state. Thus 
the time it takes the falling edge to propagate is different 
in the two cases. 


in summarizing these causes of jitter they may be divided 

into two groups. 

A) Random Jitter. This comes from causes 1-3. It is purely 
random and cannot be influenced by the test pattern. 

B) Inter Bit Distortion. This is jitter caused by data history 
and can be measured using the patterns of Figure 9 
which represent extremes of data history. 


As these forms of distortion are very similar in their final 
results. They can only be distinguished using long data pat- 
terns and statistical analysis. Note that, referring to Figure 7, 
the jitter depicted is random jitter only since the data pattern 
is a square wave. 


Discriminating between these different jitter mechanisms is 
valuable to a modem designer but not to a user. However, it 
is important that the user be aware that a jitter specification 
may be measured with an alternate pattern, and thus may 
only reflect random jitter. 


Expressing bit jitter as a percentage suffers from alternate 


definitions as does bit bias. An RS-334-A consistent defini- 


tion would be: 
Tj 
Jitter = z| xX 100% 
but many manufacturers use the definition: 


Tj 
Jitter = ;| X 100%. 
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FIGURE 8. Circuit for Inter-Bit Distortion Demonstration 
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FIGURE 9. Waveforms for Inter-Bit Distortion 
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Again, the reasons for the differences are not clear but 
could follow similar lines to those for bias. 


For this reason jitter may be specified with less ambiguity by 
specifying the peak to peak jitter in micro-seconds. Alter- 
nately, if jitter is to be expressed as a percentage, the defini- 
tion should be provided. 

Bit jitter, like bit bias, is phone line dependent. For single 
chip modems it is often measured with an ideal (resistive) 
phone line as this can be easily performed on currently 
available integrated circuit test equipment. This will general- 
ly give “best case” results. 


Some measurements of bit jitter are illustrated in Figures 10 
and 77. Note the mode and signal strength dependence of 
the measurements. This data was taken on_ the 
MM74HC942 and MM74HC943 monolithic 300 Baud mo- 
dems using an ideal (resistive) phone line and in full duplex 
mode, transmitting at —12 dBm. 


ISOCHRONOUS DISTORTION, BIAS AND JITTER 


For the modem user, isochronous distortion is probably the 
most meaningful specification of data distortion. However, 
some modem manufacturers only provide information on 


a 
0 
a 
an 

ES 
— 
x 
E 
= 
= 
o 


0 
-50 “45 


bias and jitter. Thus a conversion from these terms to isoch- 
ronous distortion would be useful. 


Isochronous distortion, being a measure of total distortion, 
is approximately the sum of bias, random jitter and inter-bit 
distortion. Before these numbers can be added, it must be 
assured they have been measured and defined in the man- 
ner consistent with specification RS-334-A. 


BIAS, JITTER AND UART PERFORMANCE 


Data distortion is only important insofar as it affects the in- 
terface between a modem and the computers which are 
communicating through it. Generally a computer interfaces 
to a modem through a UART (Universal Asynchronous Re- 
ceiver Transmitter). This UART takes byte wide data from 
the computer and serializes them so they are suitable for 
transmitting through the modem. The UART at the receiving 
modem takes this serial data and converts it back into paral- 
lel form. Referring to Figure 1, UART operation is performed 
internally by the data generator and analyzer. 

Before the effect of data distortion on a UART can be esti- 
mated the technique by which a UART performs serial to 
parallel data conversion must be understood. This is illus- 
trated in Figures 12 and 13. 
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FIGURE 10. Jitter vs RX Signal (Originate Mode) 
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FIGURE 11. Jitter vs RX Signal (Answer Mode) 
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FIGURE 12. Serial Data Input to UART 
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FIGURE 13. De-Serializing Section on UART 


The UART de-serializes data by first synchronizing itself to 
the incoming sequence. After a long ‘“‘mark,” a falling edge, 
and then a period of “space” occurs. This period is known 
as the ‘‘start bit’. The UART starts a timing generator on the 
falling edge at the beginning of the start bit. From this timing 
generator the UART can find the ideal times to sample the 
incoming data, i.e. at the center of each data bit. Each bit is 
strobed into the shift register at the center of the bit cell as 
determined by the timing generator. When the entire word 
has been shifted, the UART returns to waiting for a start bit, 
and the data in the shift register can be read as a parallel 
word. Most UARTs do more than this, they also serialize 


data to be transmitted, perform parity generation, insertion. 


and validation, I/O control and many other functions. How- 
ever these extra functions do not provide insight into the 
modem to UART interface, so are not discussed here. 


Bit bias and jitter are important to modems because they 
are forms of distortion which may interfere with the ability of 
the UART to de-serialize the incoming data. Bias and jitter 
alter the timing relations between the edges of an incoming 
word. If an output data edge moves with respect to the start 
bit, the UART may sample the demodulator output at the 
wrong time, and an error may result. 


There are several ways in which bias, jitter and inter-bit dis- 
tortion can interfere with the UART. Jitter affects the UART 
at both the synchronization at the start bit and at the data 
sampling. Jitter at the start bit causes all the UART samples 
to be offset from the center of the data bits. This reduces 
the amount a data edge can move before an error occurs. 
Inter-bit distortion can aggravate this situation. The modem 
in its “wait” state is at a perpetual mark. This is the condi- 
tion under which inter-bit distortion shows itself. Inter-bit dis- 
tortion will thus shorten the length of the start bit. This can 


be aggravated by a modem showing marking bias. The start 
bit can become so short that the UART fails to synchronize 
on it. This can cause catastrophic failure of the system, as it 
can cause complete breakdown of the modem to UART in- 
terface. This phenomenon may be reduced by lengthening 
the start bit to 1.5 or 2 bit times (possible options on many 
UARTs). Thus this breakdown may be start bit length sensi- 
tive. 


A further variable that affects the modem to UART interface 
is the resolution of the UART. Some UARTs operate the 
timing generator at 8 times the baud rate, some use a factor 
of 16 or more. The finite resolution introduces quantization 


error which is worse for the UART operating at the lower 
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factor. 


DYNAMIC RANGE 


Dynamic Range, like most modem specifications, is very 
definition sensitive. In general it refers to the range of re- 
ceived signals for which the modem operates. However a 
definition of ‘‘operation” must be found. A suitable definition 
would be ‘‘capable of receiving 1000 bits without an error’. 


Maximum received signal is usually the limit at which the 
receiver of the modem is overloaded. A modem which is 
always connected to a Bell system will receive a maximum 
signal of — 12 dBn, as this is a Bell specification. This is the 
reason for the maximum receive signal specification of —12 
dBm on the MM74HC942/943 integrated circuits. On the 
other hand, a modem which is to be operated in a non-Bell 
system may be expected to operate with larger signals than 
this. So in designing a modem system it may be necessary 
to add gain or attenuation at the interface to the phone line 
so the maximum signal presented to the modem internal 
circuitry does not exceed manufacturer’s recommendations. 





It is difficult to measure the maximum signal at which a mo- 
dem will operate. The mechanism of overload in a modem is 
highly design sensitive, and results from a complex interac- 
tion between the hybrid, the phone line, and the modem’s 
receive filter. This analysis is well beyond the scope of this 
application note. Many modems will, on the bench, exceed 
their specification. It is still unwise to operate a modem ata 
level exceeding the manufacturer’s specification, as these 
designs may fail to operate under some conditions. 


Minimum received signal is usually the signal at which the 
modem begins to make errors in the absence of noise. This 
may be measured using the circuit of Figure 7. The signal is 
progressively attenuated until the data analyzer begins to 
record errors. This breakdown of performance is often ab- 
rupt; the modem may make no errors at one signal strength, 
and make only errors when the signal is reduced a further 1 
dB. 


A modem’s dynamic range is often sensitive to the operat- 
ing mode. Many modems operate to a lower signal level if 
their transmitter is squelched, or if the transmitter is sending 
no data but is running, than if the transmitter is sending 
data. The MM74HC942/943 work to approximately — 46 
dBm in full duplex mode, and often work to — 53 dBm in half 
duplex operation. The parts are specified to — 40 dBm in full 
duplex conditions and — 48 dBm in half duplex conditions. 


—>| 


| 
| 
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As noise can cause a modem to make errors when there is 
good signal strength, dynamic range measurements are al- 
ways made in the absence of noise. Dynamic range can 
occasionally be phone line sensitive so conditions should 
again be specified. 


MODEM FILTER SPECIFICATIONS 


Some modem manufacturers provide data on their receive 
filter designs. This data is of more interest to modem de- 
signers than modem users. 


The “receive filter gain error” refers to the flatness of the 
receive filter characteristic. It is generally measured be- 
tween the “mark” and “space” frequencies. As modems 
transmit data as the frequency of the tone, amplitude errors 
generally have little effect on performance. The only place 
this specification may be observed to have effect is in carri- 
er detect circuits. As these circuits follow the receive filter, a 
filter gain error will cause the trip points to shift depending 
on the tone transmitted. 


The receive filter group delay distortion refers to the group 
delay difference between the mark and space frequencies. 
Group delay refers to the time energy takes to pass through 
a filter. Thus group delay error causes the ‘‘mark” energy 
and the ‘‘space” energy to take different times to propagate 
through the receive filter. As is illustrated in Figure 74 this 
causes data to become scrambled, as the period at the data 
change either has neither mark nor space energy, or has 
both. 
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FIGURE 14. Affect of Group Delay on FSK Signals 
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The main effect of group delay distortion is an increase in bit 
jitter. This in turn will show up in bit error rate measure- 
ments. Group delay distortion does not have as strong an 
effect on performance as other aspects of modem design, 
and for this reason is often of little interest, particularly if bit 
error rates and bit jitter specifications are available. 


Note that group delay of the entire system consists of the 
sum of the group delay of the transmitter, phone line and 
receive filter. As the group delay of the phone line varies 
from one line to another there is a lower limit to this distor- 
tion which can be achieved. Many modems which do not 
have the receive filter output available do not specify this 
parameter. 


TRANSMITTER SPECIFICATIONS 


Transmitter specifications are usually fairly simple to inter- 
pret, but there are some small traps for the unwary. 


The second harmonic of the transmitter is more important 
for some tones than for others. The second harmonic of the 
originate mode space tone (1070 Hz) falls in the middle of 
the band in which the originate modem is receiving. This is 
thus the most important tone for a second harmonic specifi- 
cation. The originate mode mark tone (1270) has a second 
harmonic outside the band in which the modem is receiving, 
but it is near enough to this band to have a small effect. The 
second harmonics of the answer band transmitted tones are 
both above 4 kHz, and thus only constitute ‘‘out of band 
noise’. Many modems thus have their answer band second 
harmonic specified by the out of band noise requirements. 


Out of band noise should meet the Federal Communica- 
tions Commission (F.C.C.) Specifications. This allows the 
modem design to meet the F.C.C. requirements without ex- 
ternal filtering. However, as most modem designs couple to 
the phone line through a transformer having limited high 
frequency response, the noise above about 1 MHz is usually 
irrelevant. 


Modem transmitters, if of poor design, can contribute to bit 
jitter and thus to isochronous distortion. This may occur due 
to a variety of mechanisms. However, for 300 Baud mo- 
dems the modulator design task is not difficult, and most 
commercial designs contribute little distortion in their trans- 
mitter. Thus few manufacturers specify this parameter. 


CARRIER DETECT TRIP POINTS 


Carrier detect trip points are measured by adjusting the level 
of the standard modem output until the carrier detect output 
of the MUT responds, indicating either receipt of, or loss of 
carrier. The signal levels at which these occur indicate the 
carrier detect trip points. These trip points are usually cen- 
tered about — 45 dBm and are thus very difficult to measure, 
as a small amount of noise in the test system can consider- 
ably effect the result. 

The conditions under which carrier detect levels should be 
measured are difficult to define. As is determined by the 
handshake protocol, the originating modem waits for carrier 


points should be reasonably predictable. The presence of 
carrier is not, however, a complete assurance that there is 
another modem on the line (the circuit may trip on noise or 
speech), or that data present is of acceptable quality (mo- 
dem performance is often a stronger function of S.N.R. than 
of signal level, and the carrier detect circuit measures signal 
level, not S.N.R.). 


Some modems, e.g. “dumb” stand alone modems, have 
only the carrier detect circuit to provide information on the 
quality of the data being received. For these modems the 
carrier detect trip point should indicate loss of carrier at the 
lower limit of the modem’s dynamic range. Note that this 
dynamic range will depend on the operating conditions of 
the modem, so an adjustable carrier detect trip point is an 
advantage, allowing the user to optimize the carrier detect 
trip point for the application. 


Some “smart”? modems can use more sophisticated data 
validation techniques than simply measuring the carrier lev- 
el. For example if the modem has a UART, and the UART 
has a parity error flag, the modem can directly assess the bit 
error rate of the line, and judge the line depending on the 
data quality. 

It is thus difficult to assess what constitutes ‘‘acceptable”’ 
carrier detect operation, as this depends strongly on the 
modem application. 


A non-flat receive filter can cause the carrier detect trip 
point to be mode and tone dependent. This variation con- 
tributes to the modem mode dependence discussed above. 


BIT ERROR RATE MEASUREMENTS 


The bit error rate of a modem is usually measured using the 
setup of Figure 7. The data generator #1 generates a long 
pseudo-random binary (PRB) data stream. The data analyz- 
er receives the data from the modem under test, and com- 
pares the received data to the transmitted data to detect 
and count errors as they occur. The bit error rate (B.E.R.) of 
a modem is a measure of the rate at which errors occur in 
the data being transmitted through the modem/phone line/ 
modem transmission path. 


' Most modems produce no errors if they are operating within 


with its transmitter squelched, while the answer modem > 


waits for carrier with its transmitter running. If the carrier 
level drops during data transmission, the carrier detect cir- 
cuit may register loss of carrier and interrupt transmission. 
In this case the loss of carrier has occurred while each mo- 
dem has been transmitting data. Carrier detect levels often 
change slightly depending on the exact condition of the mo- 
dem when they are measured. Thus attempting to specify 
them accurately can be difficult. 


The carrier detect circuit provides some indication that the 
signal strength is acceptable for modem operation so trip 
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their dynamic range, and if no noise is present. Thus B.E.R. 
is a measure of the modem’s ability to correctly demodulate 
data in the presence of noise. 


Bit error rates are the real test of modem performance. 
When a user is sending data, the bit bias, bit jitter and all 
other parameters are irrelevant, as long as data is being 
transferred reliably. Bit jitter and bit bias are useful for quick 
analysis of modem performance, and they somewhat reflect 
bit error rate (B.E.R.) performance. Measuring B.E.R. is a 
time consuming process, and the final results reflect the test 
setup as much as the modem. Before B.E.R. measurements 
can be compared, the conditions of measurement must be 
carefully studied. 


SYNCHRONOUS OR ASYNCHRONOUS OPERATION 


The B.E.R. of a modem will vary depending on whether the 
system has a synchronous or asynchronous system for the 
serial to parallel conversion following demodulation. 


A typical configuration for a synchronous data analyzer is 
shown in Figure 15. The delay is adjusted and the data from 
the modem is sampled at the center of each bit cell. The 
EXOR gate will produce a logic 1 if the modem’s output is 
different from the reference data. The errors may then be 
simply counted at the flip flop’s Q output. Note that in most 





modem systems using a UART, the data clock is not avail- 
able. 


Systems using a UART must synchronize the data rate 
clock from the falling edge at the beginning of the start bit, 
and thus distortion of this edge will adversely affect the abili- 
ty of the UART to accurately de-serialize the data. Perform- 
ance is thus not as good as the case of synchronous opera- 
tion. Thus measuring a modem with synchronous data will 
not give meaningful data on how the modem will operate 
with a UART (asynchronous data). As most 300 Baud mo- 
dems operate with a UART, this test configuration (i.e. asyn- 
chronous operation) is the most meaningful way to evaluate 
them. 


DATA CLOCK 


REFERENCE JADJUSTABLE 


OUTPUT DATA 


OF MUT 
TL/F/8423-15 
FIGURE 15. Synchronous Data Analyzer 


When testing with a UART the word length, parity, start and 
stop bit length need to be defined. These have less effect 
on modem performance than noise measurement or deseri- 
alization technique. 


BIT ERROR RATE AND BLOCK ERROR RATE 


Modem specifications vary as to the method of specifying 
bit errors. If the modem is operating with a UART a noise 
burst may cause the UART to synchronize incorrectly, caus- 
ing an entire byte or frame to be received incorrectly. Con- 
versely, multiple bit errors within a byte of data usually only 
invalidate that single byte. This may be of little significance 
to the user as many communication protocols require re- 
transmission of the entire block if an error is detected. Some 
manufacturers thus specify their modems in terms of block 
error rate rather than bit error rate. This is rare, however. 


FURTHER VARIABLES IN MODEM EVALUATION 

As is implied by dynamic range specifications, signal ampli- 
tude can affect modem performance. This can result from 
several phenomena. A modem’s receive filter has limited 
dynamic range, with its lower limit set by the filter’s noise 
floor. Thus reducing the signal will affect the S.N.R. at the 
demodulator, although the S.N.R. at the phone line may re- 
main unaltered. Signal amplitude may also affect modem 
performance as the hard limiter or A.G.C. (Automatic Gain 
Control) circuits in the receive path generally have limited 
dynamic range. 


!n summary, many variations of configuration can affect mo- 
dem performance measurements. Unless test conditions 
are accurately specified the results are virtually meaning- 
less. 


Bit error rate measurements were made on_ the 
MM74HC943 monolithic 300 Baud modem. The conditions 
under which they were made is summarized in Table I. 
These conditions accurately reflect the conditions under 
which the modem is designed to operate, and are all rele- 
vant to the test results. 


2-179 


TABLE | 
BIT ERROR RATE MEASUREMENT CONDITIONS 


Condition 
C-Weighted 
Asynchronous 

8 Bit words 

Even Parity 

One Start Bit 

511 Bit pseudo-random 
Resistive line 

All data bits 

16 * Data Rate 
Identical to M.U.T. 
Transmitting 300 Baud 
PRB Data 

Set for ‘‘permissive”’ 
characteristics 


DISCUSSION OF BIT ERROR RATE CURVES 


The results of these bit error rate measurements are shown 
in Figure 16. From these curves the signal to noise ratio for 
a bit error rate of 1.0E-5 can be interpolated. (This is a com- 
mon value to specify.) It is 3.5 dB in answer mode and 5 dB 
in originate mode. Note the degree to which the measured 
points diverge from the curves. This is due to the statistical 
nature of the test and due to the difficulty of measuring 
noise using a digital volt meter. 


Several different line simulators were tried and bit error rate 
measurements made for a fixed signal to noise of 3.4 dB. 
They were 4.7E-5 for a resistive line, 4.3E-5 for an average 
line, and 4.87E-5 for a worst case line. These measure- 
ments differ by less than the accuracy of the test system, 
indicating the minimal! effect of the phone line on the overall 
system. 


SOME MANUFACTURERS OF MODEM TEST 
EQUIPMENT 


(This list is by no means comprehensive.) 


Phoenix Microsystems, Inc. 
8290 Whitesburg Drive South 
P.O. Box 4206 

Huntsville, AL 35802 


Comstron Corporation 

200 East Sunrise Highway 
Freeport 

N.Y. 11520 

Hewlett Packard Corporation 
1820 Embarcadero Rd 

Palo Alto 

CA 94303 


FURTHER READING 

(1) Data Sheets for MM74HC942 and MM74HC943 Mono- 
lithic 300 Baud Modems, National Semiconductor Corp, 
2900 Semiconductor Dr, Santa Clara, CA 95051. 


(2) “Transmission Parameters Affecting Voiceband Data 
Transmission—Measuring Techniques” Bell System Data 
Communications Technical Reference, May ’75. 

(3) “Data Communications Using Voiceband Private Line 
Channels” Bell System Technical Reference, Pub 41004, 
Oct., 73. 


Parameter 
Noise Bandwidth: 
Data Format: 


Data Pattern 

Phone Line Simulation 
Counted Errors: 

UART Clock Rate 

Standard Modem (transmitter) 
MUT Transmitter 


MUT Transmitter Amplitude 
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FIGURE 16. Bit Error Rate Performance of MM74HC943 300 Baud Modem - 
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Transmission-Line Effects 
Influence High-Speed 
CMOS 


National Semiconductor 
Application Note 393 
Larry Wakeman 


Unlike low-power, metal-gate CMOS, high-speed 54HC/74HC devices 
readily drive long cable runs and backplanes. While the family 
maintains CMOS’s traditional noise immunity, you must 
watch transmission-line effects in such applications. 


Because of 54HC/74HC high-speed CMOS’s short propa- 
gation delays and fast rise and fall times, you must under- 
stand its transmission-line behavior when driving lines as 
short as even a foot or two, whether those lines are coaxial 
cables, twisted pairs or backplanes. Moreover, the devices’ 
fast edge rates increase the likelihood of crosstalk among 
interconnecting cables. 


Despite the need, however, to take design precautions that 
minimize adverse effects related to high-speed operation, 
54HC/74HC logic—unlike slower metal-gate CMOS—in- 
cludes many features that suit it to driving transmission 
lines. For example, its symmetrical push-pull outputs result 
in stiff logic levels, and its high output drive allows fast bit 
rates. 


Another advantage of high-speed-CMOS designs is that 
they don’t prove to be as difficult as those based on other 
high-speed logic families. In general, high-speed CMOS 
doesn't require the detailed attention to pc-board layout and 
transmission-line characteristics that Schottky TTL or ECL 
designs do. Furthermore, controlling unwanted reflections is 
easier in the CMOS designs, because 54HC/74HC devices’ 
electrostatic-protection diodes tend to clamp the reflected 
voltages to the power-supply levels. 


MISMATCHES CREATE REFLECTIONS 


Transmission-line effects come into play when signal-line 
lengths are so long that the signal delay down the line and 
back becomes longer than the waveform’s rise or fall time. 
Mismatches between the line’s characteristic impedance 
and either the driver’s output or the receiver’s input imped- 
ance create signal-line reflections. These in turn cause 
overshoot and undershoot, which can reduce noise margins 
and cause excessive delay. Figure 7 shows various trans- 
mission media and their impedances. 
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A 54HG/74HC device’s output rise and fall times can be as 
short as 5 ns, and transmission-line effects can become 
noticeable when lines longer than a foot or two are driven. 
The length of the signal line at which transmission-line ring- 
ing should be considered is: 


MAXIMUM LINE LENGTH 
_ OUTPUT RISE/FALL TIME 
~ 2(DELAY PER UNIT LENGTH) 
The signal delay per unit of line length (tpp) depends on the 
line’s characteristic impedance and the load on the line. For 
a typical pc-board trace with a groundplane, 
tpp = 1.017V0.47 eR + 0.67 ns/ft, 


where €r is the relative dielectric constant. Loading the 
trace with inputs to other gates alters the tpp. 


Cin 

Co’ 

where Cyy is the total input capacitance associated with the 
line, and Co is the line capacitance per unit of length. 


If you know the characteristics of the transmission line, you 
can use these equations to find the signal-transit time. This 
time is typically between 1.5 and 2.4 ns/ft for an unloaded 
line. 


In addition to the line’s transit time, you need to find its 
characteristic impedance: 
Zo = Lo/Co, 

where Lo and Co are the wire’s inductance and capaci- 
tance per unit of length. When a 54HC/74HC device drives 
a transmission line (Figure 2), the driver’s output looks into 
the equivalent line impedance. When the output switches, 
the signal propagated is the result of the voltage divider 
created by the line and the driver's impedance. 


tpp (ALTERED) = tpp 4/1 + 
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FIGURE 1. By using the impedances for various types of signal-transmission lines, you can determine 
the amount of ringing you'll experience. (Note that ep is the relative dielectric constant.) 
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if the line’s electrical length is long compared with the sig- 
nal’s rise time, the mismatch of the line and the CMOS input 
creates a reflection when the signal reaches the other end 
of the line. The reflection’s magnitude depends on the inci- 
dent signal’s voltage (Vinc) and the reflection coefficient 
(p), where 


_ Rin = Zo 
Rin + Zo 
The reflected signal is therefore 
Vr = Vp (1 + p). 
HIGH INPUT IMPEDANCE DOUBLES REFLECTION 


Because a 54HC/74HC device’s input impedance is high 
compared with the line’s (p = 1.0), the reflected voltage at 
the receiver doubles. This reflection propagates back to the 
driver, where another reflection is generated (depending on 
the driver’s output impedance). Typical 54HC/74HC output 
impedances result in reflection coefficients of —0.3 to 
—0.7. 


A simplified analysis based on the preceding equations, 
however, fails to take into account nonlinearity in a 
54HC/74HC gate’s output impedance. Also, the input of a 
54HC/74HC gates has diodes to Vcc and ground; these 
diodes clamp the reflected signal as it tries to exceed the 
supply level. , 


A load-line graphic technique overcomes these drawbacks. 
IIlustrating the technique, Figures 3 and 4 plot the input and 
output characteristics for a standard and a_ bus-driver 
54HC/74HC IC at Vcc = 5V. These plots include the effect 
of the input and output diodes. With these curves, you can 
approximately determine the ringing for various line imped- 
ances when one 54HC/74HC gates drives another. 


An example based on a High-to-Low transition on a 200 
line illustrates how to use the graphs. Starting at the quies- 
cent 5V, OA point on the logic-One output’s curve (Figure 3), 


' draw a load line with a slope of —1/Zo to the logic-Zero 


output’s curve. The voltage at this intersection is the initial 
output voltage that drives the line after the transition. Then 
draw a line with a +1/Zo slope to the input curve. This 
intersection yields the signal’s voltage, including the reflec- 
tion, when it reaches the receiver. Next, draw another line 
back to the logic-Zero output curve. This intersection indi- 
cates the voltage at the driver when the reflection returns. 
This process continues until the zigzag load line converges 
on the OV, OA intersection. 


Figure 5 plots the Figure 3 example’s voltages vs propaga- 
tion delay. Figure 6 shows real-world waveforms for a 
74HCOO device driving another gate through a wire poised 
above a groundplane (Zo = 2002). Notice that the driver's 
output level swings further toward the opposite logic level 
than the graphic method initially predicts, resulting in slightly 
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~ TL/F/8424-2 
FIGURE 2. When a high-speed CMOS driver/receiver 
pair communicates over distances longer than a foot or 


two, transmission-line effects come into play. 


more-ringing at. the receiver as well. This additional ringing 
is due to either a lower output impedance or a slightly higher 
line impedance than that used in the paper analysis. 


Although line reflections aren’t a problem for most designs, 
you may have to reduce ringing for certain applications, 
such as those including long cables, backplanes and sensi- 
tive circuits that can’t tolerate radiated noise and crosstalk. 
You can use several techniques to reduce ringing. One solu- 
tion is to use series-terminating resistors (Figure 7a). Series 
termination places a resistor in series with the driver’s out- 
put to match the output impedance of the driver to that of 
the line. This procedure eliminates overshoot at the receiv- 
er’s end of the line but slows down the output signal, and it 
won't work with buses or backplanes. 


DRIVER-OUTPUT/RECEIVER-INPUT 
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TL/F/8424-3 
FIGURE 3. This plot of input and output transfer 
functions for standard 54HC/74HC high-speed CMOS 

logic includes the effects of input-protection and 
parasitic diodes. It provides the basis for a graphic 

method of determining ringing and overshoot. 
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TL/F/8424-4 
FIGURE 4. Bus-output drivers in the 54HC/74HC high- 
speed CMOS family exhibit different input and output 
transfer functions than do the standard parts whose 
characteristics are shown in Figure 3. 
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PARALLEL TERMINATIONS CAN OVERLOAD CMOS 


Parallel termination (Figure 7b and 7c) connects a resistor 
at the receiver’s end of the line to either Voc or ground or to 
a voltage divider between Vcc and ground. The resistor val- 
ue (or the equivalent resistance of the resistor pair) should 
match the line’s impedance. Normally, a system backplane 
has one termination per signal line. Some very-high-speed 
buses, however, can include two termination networks at 
each end of the backplane for each line. 


One problem with parallel termination is that the termination 
consumes large amounts of power, negating the reason for 
choosing 54HC/74HC devices to begin with. Moreover, be- 
cause the termination network must match the line’s imped- 
ance, parallel termination can overload a 54HC/74HC de- 
vice’s outputs and prevent them from driving the bus to a 
valid logic level. 


Consider, for example, a 1509 TTL bus with a single termi- 
nation and the equivalent of a 150 termination resistor 
connected to a 3.5V supply. The worst-case output imped- 
ance of a 54HC/74HC bus driver is 1009. The dc output 
voltage for the 54HC/74HC driving a TTL bus to a low level 
would be Vout = 3.5V (100/250) = 1.2V, which is too 
high to represent a valid logic-Zero output. You can use 
such dc-termination schemes only if a 54HC/74HC device 
can pull the termination network to within 0.5V of the supply 
rails (HCT parts work between 0.4 and 2.4V). 

Aside from such brute-force power considerations, a subtle 
problem arises from reflections in certain cases. If the line is 
long enough to exhibit a significant delay down the line, the 
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FIGURE 5. Using the plots shown in Figures 3 and 4 
along with the graphic method described in the text, 
you can construct the driver (b) and receiver (c) 
waveforms resulting from an input (a). 
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ability of the receiving logic element to switch on the original 
incident-wave front becomes important. If the incident wave 
isn’t of the proper magnitude, the receiver must wait for the 
reflection before sensing the change at its input. The volt- 
age at the receiver equals the driver’s output voltage divid- 
ed across the driver’s output impedance and the line’s char- 
acteristic impedance. 54HC/74HC gates typically have 40 
to 500 output impedances, so 54HC/74HC receivers switch 
on the incident-wave transitions if the line impedances are 
greater than 1502 typically. 


In general, when replacing LS components’ with 
54HC/74HC units, avoid driving buses with a termination 
network whose equivalent impedance is less than 5000 
(worst case) terminated to Vcc or ground, or 2502 terminat- 
ed to 3V. 


The TTL termination’s impedance isn’t the only problem in- 
volved in substituting 54HC/74HC parts for TTL. For exam- 
ple, consider the voltages that the termination networks are 
tied to. Usually, TTL termination networks look like their 
equivalent impedance tied between 2.5 and 3.5V. Conse- 
quently, when these TTL buses are in the high-impedance 
state, they float toward these voltages, causing the 
54HC/74HC circuits to draw Icc currents that are large 
compared with the currents generated when the bus is ter- 
minated to Vcc or ground. Also note that some !ogic errors 
might develop because the 2.5 to 3.5V range is not a valid 
54HC/74HC logic level. 
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FIGURE 6. A high-speed CMOS device driving another 
gate through a 28-gauge wire poised above a 
groundplane (Z, = 2002) exhibits higher ringing and 
overshoot than predicted in Figure 5, thus indicating a 
lower output impedance or higher line impedance than 
that used in the prediction. 
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FIGURE 7. The three termination techniques 
shown here in (a), (b), and (c) work best for 
conventional TTL. For high-speed CMOS, 
(d) might provide the best solution. 
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Using the termination network shown in Figure 7d, which 
couples the signal to the termination network with a small 
capacitor, avoids this problem. The capacitor blocks the DC 
currents while acting as a short circuit during signal tran- 
sitions. This termination scheme doesn’t draw any DC pow- 
er, although it does draw additional AC (dynamic) power. 
Furthermore, if the bus goes to a high-impedance state, the 
termination capacitors hold the bus at the last logic level for 
a short time (perhaps a millisecond), avoiding excessive loc 
currents. If the bus has the potential to float for long peri- 
ods, you might have to add large-value pull-up resistors to 
ensure that bus leakages don’t cause spurious behavior. 


These considerations apply to 54HC/74HC outputs. 
54HC/74HC inputs interface easily to any type of bus or 
transmission line that meets the 54HC/74HC input-voltage 
requirements. 


Eliminating troublesome reflections only handles problems 
involving a single transmitter/receiver pair. Seldom, howev- 
er, do transmitter/receiver pairs exist in isolation; they more 
commonly occur in groups, and the possibility of crosstalk 
always exists. Parasitic mutual inductance and capacitance 
associated with system interconnections cause crosstalk. 
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TL/F/8424-8 
FIGURE 8. Ringing and overshoot from impedance 
mismatches aren’t the only problems you can 
encounter in applying high-speed CMOS. Parasitic 
coupling arising from distributed capacitance 
and inductance of parallel wires or pc-board 
traces can cause crosstalk. 
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(b) 
TL/F/8424-10 
FIGURE 9. This simplified representation (a) of Figure 
8’s parasitic coupling impedances yields the 
equivalent circuit shown in (b). 


Figures 8 and 9illustrate these inductances and capacitanc- 
es. Their magnitudes depend on the length, spacing, 
amount of shielding and type of wiring used. Generally, 
crosstalk isn’t necessarily a concern unless two or more 
signal lines run in parallel over long distances. Even when 
using long signal runs, 54HC/74HC devices’ noise immunity 
eases the requirements for crosstalk minimization. 


Although you can analyze crosstalk by finding the current 
coupling caused by distributed capacitance and inductance, 
the simpler approach based on Figure 9’s scheme suffices. 
Figure 9a shows two signal lines with an impedance of Zo; 
and Zoe coupled by Zc. At the point of coupling, the signal 
voltage Vio induced into the second line is essentially due 
to the voltage divider formed by Zo;, Zoz and Zc (b). The 
voltage V_1 results from Vout of the first inverter driving the 
voltage divider formed by the second inverter’s Rout and 
Zo1. If the driving gate’s output impedance is small, then 
Vout = Vu = Voc and Zo1 = Zo2 = Zo. Then the equiv- 
alent impedance model of (b) leads to 

Z 

O1 o2 22Zco+Zo 
“on (3) ‘ (75) 


When the signal reaches the receiver, the reflection causes 
the signal’s level to double, and Vin = 2(Vi9). 


Qualitatively, you can see that crosstalk increases as Zc 
decreases. Zc in turn decreases with increasing coupling 
length (decreasing the spacing between the two connec- 
tors) and poor shielding. Lowering Zo decreases crosstalk 
but not as dramatically as changing Zc does. Notice that as 
Zc becomes small (which indicates a lot of cross coupling), 
changing Zo has little effect with respect to reducing cross- 
talk. However, adding shielding to the cable both lowers Zo 
and raises Zc and consequently proves effective in reduc- 
ing crosstalk. 


Figures 10, 11 and 72 illustrate crosstalk effects for several 
conductor configurations. Figure. 10 shows the relative cou- 
pling between two pc-board traces alone and also with vari- 
ous guarding schemes. Figure 77 illustrates oscilloscope 
traces of a 1-MHz signal in a 2 meter bundled cable with 
various numbers of wires connected to ground. Notice the 
dramatic reduction in crosstalk between two wires when a 
third wire is grounded in the cable. Figure 72 shows the 
same schemes for various configurations of wire in a ribbon 
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FIGURE 10. Grounding scheme can significantly reduce 
crosstalk. For example, separating pc-board 
signal conductors with grounded ones 
reduces relative coupling from 1 to 0.2. 
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FIGURE 11. The effectiveness of guarding techniques in reducing crosstalk isn’t limited to 
pc boards, as results based on a 6-wire bundled-cable test circuit illustrate (a). 
Grounding unused wires at both ends yields the best performance (b). 
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FIGURE 12. To reduce crosstalk between two conductors in a ribbon cable, separating 
the signal-carrying conductors with ones grounded at both ends proves to be effective. 
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cable. Here, the lowest crosstalk comes from separating the 
two signal lines by a ground cable. The most crosstalk oc- 
curs when the two cables are adjacent to each other and no 
other cable is grounded. 


LOW VOLTAGES INCREASE DELAYS 


Although the bulk of the applications for high-speed CMOS 
involve a 5V power supply, some applications can use 2V— 
the low end of 54HC/74HC devices’ power-supply operat- 
ing range. At 2V, a 54HC/74HC device has approximately 
one-third to one-fifth the output drive and about three to five 
times the circuit delays and transition times of the same ICs 
powered by 5V supplies. At Vcc = 2V, output transition 
times are about 30 nsec, which tends to ease signal-line 
routing and termination requirements. Because rise and fall 
times are so long, reflections and ringing are insignificant. 
Crosstalk and general signal-line to signal-line noise cou- 
pling are also reduced by a factor of three to five, limiting 
internally generated noise coupling. However, by using a 
lower supply voltage, the de noise immunity is approximate- 
ly halved, and overall immunity to external noise is reduced. 


Thus, for 2V designs, transmission-line noise and ringing are 
essentially eliminated, and crosstalk is reduced by a factor 


of two (when device noise-immunity reduction is included). 
Designing with high-speed CMOS at 2V can best be de- 
scribed as almost identical to trying to design with older 
CMOS logic at 5V. 
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Monolithic Modem Chip 
Eases »P’s Phone Access 


National Semiconductor 
Application Note 394 
Steve Munich 


When mated with a handful of CMOS peripheral ICs, a single-chip 
CMOS modem device allows you to configure simple, inexpensive 
microprocessor-telephone interface systems with 
autodial and autoanswer capabilities 


Integrated-circuit modems represent the final link in the 
chain of devices that connect the digital world of the micro- 
processor bus to the analog world of the telephone line. The 
MM74HC943 is such an IC; it’s a single-chip and -supply 
Bell-103 modem whose on-chip analog filtering, carrier-de- 
tect circuitry and complete hybrid function spare you the 
complexities of analog design. 


Linked with such CMOS peripheral ICs as the NSC858 
UART, the TP5088 DTMF dialer and some 74HC logic, the 
IC allows the design of relatively inexpensive systems that 
can profit from the intelligence and flexibility of microproces- 
sor control. What’s more, its silicon-gate CMOS process 
suits the IC to applications in portable, battery-powered, re- 
mote and harsh-environment systems. With little difficulty, 
you can easily integrate the IC into an auto-originate, au- 
toanswer modem in a »P-based system. 


Figure 1 shows the basic functional blocks needed to con- 
nect a microprocessor bus to a telephone line. The bus de- 
coders are necessary to assign a unique set of addresses to 
the UART (universal asynchronous receiver/transmitter) 
and dialer circuit. The dialer circuit must be bus compatible; 
i.e., it must be capable of accepting binary inputs from the 
data bus. The dialer can create pulses, as with rotary-dial 
phones, or it can send DTMF (dual-tone multifrequency) sig- 
nals to the central office to establish a connection with an- 
other phone. 


When the modem operates with the dialer to call another 
system, the calling modem is said to be in the originate 


RECEIVE 
FILTER 


FIGURE 1. A basic microprocessor/telephone-tine interface comprises the blocks shown 


mode. When the microcomputer receives a call through the 
modem interface, the ring-indicator circuit serves to inter- 
rupt the microprocessor to answer the call automatically. In 
this case, the modem goes to the answer mode. The block 
denoted ‘‘hook-switch contro!” is a logic-controlled relay 
that connects the system to or disconnects it from the 
phone line. 


Protective circuitry is needed to isolate the microcomputer 
user from hazards (e.g., lightning) transmitted by the phone 
line and also to protect the public phone system from any- 
thing potentially damaging that may emanate from the us- 
er’s computer equipment. This circuit also provides a 2-sec 
billing delay when an incoming call is answered. During this 
period, data may not be sent or received. These protective- 
circuitry functions are required (and must be approved) by 
the FCC (a later section discusses them in detail). The de- 
picted hybrid block performs 2-to-4 wire conversion, neces- 
sary because both send and receive frequency bands use 
the same pair of wires and it’s necessary to separate the 
received signal from the transmitted one. 


The next functional block is the modem itself. Modems have 
only recently become available in integrated-circuit form; 
two standards currently prevail in the U.S. The 103 standard 
is for 300-baud, full-duplex communication; the 202 stan- 
dard allows 1200-baud transmission while receiving at 5 
baud, and vice versa. Another standard, the 212, specifies 
full-duplex, 1200-baud operation. 
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in this diagram. The modem assumes the task of generating and decoding the sine-wave 
signals that represent marks and spaces in digital communications. 
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FIGURE 2. A specific implementation of FIGURE 1’s diagram, this schematic shows how the 1-chip modem IC fits into a 
data-communications phone link. The circuit shown is an intelligent, microprocessor-controlled modem board. The logic circuits 
are all CMOS types, hence the system consumes little power in operating mode and micropower in power-down mode. 


In addition to the ICs that satisfy U.S. standards, there are 
integrated-circuit solutions that conform to European 
(CCITT) standards. These devices use bit rates that are sim- 
ilar to those for the Bell standards, but they also use a 
slightly altered set of frequency bands; moreover, they send 
an extra tone to disable the European phone system’s echo 
suppressors. 


Figure 1 also shows a block for an external receive filter that 
may or may not be needed, depending on which manufac- 
turer’s modem chip is used. The modem basically receives 
a frequency-shift-keyed (FSK) mark (logical One) or a space 
(logical Zero), and sends serial Ones and Zeros to the 
UART. At the same time, the modem also receives serial 
data and synthesizes a phase-continuous sine wave to send 
to another modem at the other end of the phone line. 


Finally, the UART takes parallel data from the microproces- 
sor and feeds a serial data stream to the modem. It also 
configures the modem’s serial output to form a parallel word 
on the bus. The UART must add start, stop and parity bits to 
the data word from the bus before transmission of the char- 
acter and then strip off these same bits at the reception of a 
character. UARTs have long been available in 1C form; they 
offer various degrees of programmability as well as such 
features as on-chip baud-rate generation and advanced mo- 
dem-interface capabilities. 


Moving from a block diagram to a specific one, consider the 
all-CMOS, intelligent-modem board shown in Figure 2. This 
system interfaces with the NSC800 bus; however, you could 
use any mutiplexed-bus microprocessor. The two -HC688s 
are bus comparators that are hard wired to generate chip- 
select signals to the dialer and UART upon accessing the 
proper memory location. The first -HC688 decodes the eight 
MSBs from the.bus to activate the TP5088 tone generator. 
When a call is originated, the digits of the phone number are 
retrieved one at a time from system RAM. 


With the modem chip’s transmitter squelched, the TP5088 
uses the DSI (drive-summing input) pin to the -HC943’s line 
driver for tone transmission. !n order to avoid clipping, you 
must be sure that the TP5088’s output signal level does not 
exceed the transmit level selected by the TLA resistor. Writ- 
ing the data on bus lines ADp through AD3 to the tone-gen- 
erator address causes the TP5088’s tone-enable input to 
switch high through the NOR gate. A low-going WR from the 
bus latches the four bits into the DTMF generator. 


When the -HC688’s output enables tone generation, it 
simultaneously fires one of the -HC123 dual one-shots onto 
the NSC800 bus’s Wait line for 80 msec. Thus, one of 16 
possible tone combinations feeds through to the central of- 
fice for 80 ms. Before the generation of the next tone, a 
software wait loop serves to turn the generator off for 80 
ms, i.e., until transmission of the next DTMF tone pair. This 
action allows for an 80-ms-On, 80-ms-Off make-break ratio, 
one that works with almost any central-office receiving 
equipment. You can change this make-break ratio to suit 
any requirement by altering the software timing and the one- 
shot’s external-component values. 


The same bus comparator pulls in the relay to take the 
phone off-hook. A read to the address of the first -HC688 
does not affect the TP5088; instead, it clocks flip flop 1 of 
the -HC74 dual D flip flop. This action controls the on-/off- 
hook relay for answering or hanging up the phone connec- 
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tion. Clocking the -HC74 flips the relay into its opposite 
state; resetting the NSC800 on power-up causes Reset-Out 
on the bus to become active. This signal, fed into the Clear 
input of the -HC74’s flip flop 1, keeps the connection on- 
hook when power is first applied to the system. For micro- 
processors lacking this Reset-Out signal, a power-on reset 
circuit could provide this function. 


Directly connected to the phone line, the ring-indicator cir- 
cuit tells the microprocessor that the line is ringing locally. 
When this happens, the optocoupler’s transistor toggles on 
and off, resulting in a long positive pulse from the normally 
low Schmitt-trigger NAND output. This signal routes to the 
RC network and Schmitt-trigger NAND gate, which form a 
simple one-shot. The resistor and capacitor values are such 
as to convert the ring signa! from a series of low-going 
spikes into a constantly low logic level. 


The first pulse sets off the one-shot, which in turn drives the 
UART’s input. The UART can then interrupt the processor 
as detailed in a later section. The 6009 1:1 transformer 
isolates the line from hazards. The transformer and ring-in- 
dicator circuit connect directly to the phone line; therefore, 
their designs must follow the isolation guidelines in FCC 
Rules, part 68. 


The NSC858 UART (Figure 3), a member of the NSC800T™ 
family, features an on-chip baud-rate generator, a power- 
down mode and extensive interrupt capabilities. It also has 
two modem-contro! outputs (DTR and RTS) and three mo- 
dem-control inputs, (DCD, DSR] and CTS). The absence of 
an RS-232C connection in this application removes the 
need for most of these protocols. As a result, except for 
DCD, these controls serve as general-purpose I/O controls 
for the modem’s SQT and O/A pins and as interrupt inputs. 


The NSC858 has internal registers that monitor the status of 
these inputs; if enabled, the registers cause the UART to 
interrupt the processor if a data set change occurs (i.e., if a 
logic level changes on one of the modem-control inputs). 
This is how the ring-indicator circuit in Figure 2 is able to 
generate an interrupt. The UART’s DCD input is connected 
to the -HC943’s carrier-detect (CD) output to generate an 
interrupt upon the loss of carrier to the modem. To see 
which status change is responsible for the interrupt, soft- 
ware can check the UART’s modem-status register. 


In this application, the RTS output pin serves to control the 
O/A pin on the -HC943. The DTR output enters the billing- 
delay circuit shown in Figure 4; its function is to activate or 
deactivate the squelching function for the -HC943’s modula- 
tor. Software squelches the modem only by asserting a logi- 
cal Zero on DTR whenever its intent is to open the 3-state 
output of the modem’s sine-wave synthesizer (Figure 7) and 
to allow the tone generator to use the line driver for exter- 
nally generated tones. 


When PD goes Low, the -HC943 and -HC858 power down. 
The TP5088 is in its low-power mode whenever it is not 
producing tones. PD on the NSC800 bus is actually an input 
to power down the NSC800; therefore, it’s assumed that 
another power-saving contro! device powers down the 
whole system. One example of such a device is a real-time 
clock (for example, the MM58167A) with an alarm-compare 
interrupt output that can interrupt the processor once during 
a selected time period. 
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FIGURE 3. Interface between the modem and the pP bus, the UART (Universal Asynchronous Receiver/Transmitter) 
interrupts the processor upon logic-level changes in the modem-control lines. The UART’s modem-status register, 
upon a software query, reveals which change caused the interrupt. The IC has an on-chip baud-rate generator and 

features a power-down mode for low power consumption during inactive periods. 
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The modem, UART and DTMF dialer chip can use a 
3.579545 MHz TV color-burst crystal. Figure 2 shows the 
UART’s crystal oscillator driving the other two devices. 
Schmitt triggers serve to square up the signals to the other 
devices. The added input capacitance from the Schmitt trig- 
gers slightly alters the oscillator frequency, but not appreci- 
ably (less than 0.1%). Note that it’s important to balance 
any added capacitance on both sides of the crystal. 


FCC-REGISTERED PROTECTION 


Be warned that before you can legally connect any modem 
to the phone lines, you must obtain FCC approval of the 
protective circuitry (once known as the data-access ar- 
rangement). Figure 2s subsystem is registered as a ‘‘data- 
terminal device”’; it must be able to withstand the high volt- 
ages specified in part 68 of the FCC’s Rules and Regula- 
tions. Hybrid modules to perform the protective functions 
are available from various manufacturers; some come with 
FCC approval. 


Some of the available modules perform the ring-indicator, 
billing-delay, filtering, and hybrid functions (as well as other 
functions). Note, however, that these devices are too ex- 
pensive for high-volume modem systems. In many cases, 
moreover, the devices include unneeded or redundant func- 
tions. The configuration in Figure 2 uses a custom protec- 
tive circuit that includes only the necessary functions, but be 
aware that the circuit has not undergone the FCC approval 
process, so it carries no guarantees. For any protective-cir- 
cuit design, you'd be well advised to obtain the assistance 
of a qualified consultant in procuring FCC approval. 


PD 


The billing-delay circuitry is shown in Figure 4. It uses an 
-HCOO quad NAND package, half of an -HC123 dual one- 
shot and half of an -HC74 dual D flip flop. This circuit keeps 
the -HC943 squelched for 2 sec after the connection goes 
off-hook in the answer mode. There is no transmission de- 
lay in the originate mode. The 2-sec interval allows the 
phone company to send supervisory billing tones before the 
transmission of any data. 


The UART’s DTR output pin is low when the modem is to be 
squelched; this logic level keeps the flip flop’s Q output 
cleared. This low logic level also masks the one-shot’s out- 
put, so the signal from the NAND gates to the -HC943’s 
SQT pin remains high, thereby keeping the modem 
squelched. When the UART brings DTR high, the flip flop’s 
Q output stays low while the one-shot is fired. The -HC123’s 
normally high Q output is now pulsed low for 2 sec; this 
action keeps the modem squelched during this time if the 
answer mode was previously selected. 


After the delay, the one-shot’s output provides a rising edge 
to the flip flop’s clock to transfer the high-logic-level input 
from DTR to the Q output. The NAND gates now transfer a 
low level to the modem’s SQT pin; as a result, the modem 
sends a 2025 Hz answer-mode mark. Note that if the sys- 
tem receives a power-down signal from PD, the modem is 
not allowed to transmit. 


If the microprocessor and firmware were included on the 
same board for submission to the FCC, separate billing-de- 
lay circuitry would not be necessary. A 2-sec software wait 
loop could instead provide the delay; it would act as the 
billing-delay circuitry. 


O/A 
(RTS) 


DTR 
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FIGURE 4. The billing-delay circuit initiates or removes the squelch function, providing a 2-sec delay 
to allow the phone company to send supervisory billing tones before any data transmission. 
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DON’T FORGET SOFTWARE 


The hardware configuration discussed in the preceding sec- 
tion is, of course, useless without proper software routines 
to control it. This software comprises three phases: initiali- 
zation, call establishment and information transfer. Upon 
system power-up, the initialization procedure must reset the 
UART and prevent the modem from coming up in an arbi- 
trary mode and thereby transmitting a tone. 


The call-establishment phase can commence once the user 
makes his decision to call another modem or enables the 
system to accept an incoming call. The main program is for 
full-duplex character transfer once the phone connection is 
established and the two modems are talking. If the connec- 
tion is lost for one reason or another, the call-establishment 
phase is reentered. 


The initialization routine of Figure 5 serves to set up all the 
UART’s registers immediately after power-up. It starts with a 
hardware reset from the microprocessor (Reset Out for the 
NSC800), thereby clearing most of the UART’s internal reg- 
isters and disabling the modem-control pins and their asso- 
ciated interrupts. This register-clearing action also tempo- 
rarily disables transmission and reception through the 
UART; it’s reenabled only after all the registers are correctly 
set up and the two modems are receiving each other’s carri- 
ers. 


In the initialization of the transmit-mode register, the CTS 
(Clear To Send) pin is normally enabled—however, it’s not 
used in this design, so it’s left disabled. In both the transmit- 
and receive-mode registers, the same parity, data-size and 
internal-clock bits are written in the initialization word. One 
difference is that CTS is disabled in the TX mode register’s 
bit 6, but in the RX mode register, bit 6 serves to enable 
DCD (data-carrier detect). 


The other difference is that the TX mode register accesses 
the transmit-abort end condition (TAEC), which decides 
whether the last character to be sent out of the UART 
(when transmission is disabled) is from the TX holding regis- 
ter or the TX shift register. The holding register is the first 
UART buffer to receive the data before it is sent to the shift 
register and clocked out to the modem (as shown in Figure 
3). TAEC selection depends on the perceived urgency of 
data reception, which is given higher priority than transmis- 
sion. 


The global mode register selects the clock factor (x 16) for 

the on-chip baud-rate generator. This selection determines 

at what multiple of the baud rate data clocks into the trans- 

mit shift register and clocks out of the receive shift register. 

The global mode register also selects the number of trans- 

mit stop bits. 

The next step is to initialize the receive-transmit status mask 

register; this is used in conjunction with the receive-transmit 

status register, which is read to determine what caused the 

UART to interrupt the microprocessor. The status signals 

used to generate interrupts in this design include 

e Receiver data ready 

¢ Receiver overrun error (meaning data has overwritten an 
unread received character) 

¢ Receiver framing error (no valid stop bit detected) 

¢ Receiver parity error 

¢ Data set change 

The reason for writing to the transmit-receive status mask is 

to select those status signals that will be allowed to gener- 

ate interrupts. A data set change refers to a logic-level 

change on one of the modem’s status input pins. The 
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HAROWARE RESET: DISABLES RECEIVING, 
TRANSMITTING AND CTS PIN 


INITIALIZE TX MODE REGISTER: SELECT 
TAEC, PARITY, DATA SIZE AND INTERNAL TX 
CLOCK. LEAVE CTS DISABLED. 


INITIALIZE RX MODE REGISTER: SELECT 
PARITY, DATA SIZE AND INTERNAL RX CLOCK. 
ENABLE DCO. 


INITIALIZE GLOBAL MODE REGISTER: SELECT 
CLOCK FACTOR (16 x) AND STOP BITS. © 


INITIALIZE RECEIVE—TRANSMIT STATUS MASK 
REGISTER: SELECT INTERRUPTS FOR: RX READY, 


DATA SET CHANGE, ERRORS (RX OVERRUN, FRAMING, 
PARITY) 


INITIALIZE MODEM STATUS MASK REGISTER: ADCD 
(CARRIER LOSS DETECTION), ADSR (USED FOR RING 
INDICATOR), ABRK (RECEIVER BREAK DETECTION) 


SET BAUD-RATE GENERATOR DIVISOR LATCH: WRITE 
745,, TO GET 300 BAUD WITH 16 x CLOCK FACTOR 


' : : ate. 
AUTOANSWER 
ROUTINE AOUTHE, 


TL/F/8425-5 





FIGURE 5. The initialization routine sets up the UART’s 
registers just after power-up. A reset from the pP starts 
the sequence; it also disables transmission and 
reception through the UART until the modems receive 
each other’s carriers. Additionally, it sets the clock 
factor and the baud-rate generator for the desired data 
rate. Finally, the initialization sequence selects 
autoanswer or auto-originate mode. 





UART's. modem status mask register masks these signals 
to determine which ones will be allowed to create a data- 
set-change interrupt. 


The final area of initialization sets the baud rate for sending 
data out of the UART’s transmit shift register and for clock- 
ing data out of the receive shift register. Writing a value of 
7454 into the baud-rate divisor latch gives 300-baud opera- 
tion with a 3.579545 MHz crystal, using the previously se- 
lected X 16 clock factor. 


AUTO-ORIGINATE ROUTINE 


The auto originate routine in Figure 6 begins by disabling 
interrupts to prevent an incoming call or anything else from 
taking over the processor and damaging the critical dialing 
timing. A read to the address occupied by the tone decoder 
causes the system to go off-hook. It’s necessary to wait a 
suitable amount of time, depending on the phone system's 
response time, for a dial tone. Dial-tone reception is not 


AUTO-ORIGINATE DISABLE SYSTEM 
ROUTINE INTERRUPTS 


RETRIEVE NEXT 
PHONE DIGIT 
FROM MEMORY 


RE-ENABLE RING 
INDICATOR 





TRY CALL AGAIN 


ENCODER’S ADDRESS 





DATA 
SET 


CHANGE 
OR (DCD =1) 
? 


Y 


GO OFF-HOOK BY 
READING FROM TONE 


acknowledged in this application, so it’s best that the wait 
loop be as long as possible. 


Next, the first binary phone-number digit is retrieved from 
memory and is written onto the ADp through AD3 line from 
the microprocessor bus. This action automatically puts the 
pP in wait state for 80 ms (in hardware) while the tone is 
sent. After this wait, a software wait loop gives 80 ms of 
silence between tones. The next phone-number digit is then 
retrieved from memory; the process continues until the 
number is completely dialed. 


At this point, selection of the originate mode occurs by writ- 
ing a Zero to bit 6 (RTS) in the command register. This 
action sets the RTS pin (which directly feeds O/A in the 
-HC943) High in the UART. Next, a wait loop occurs concur- 
rently with the polling of bit 5 of the modem status register. 
If, after 30 sec of waiting, no carrier is received (bit 5 = 0), 
the connection has not been established. A carrier is typi- 
cally detected in about 10 sec; 30 sec is the maximum. 


WAIT: 

3 SEC FOR 
DIAL TONE, WHILE 
RETRIEVING FIRST 

BINARY PHONE 
NUMBER DIGIT 
FROM SYSTEM 

MEMORY. 


SPACE 


PUT BINARY DATA ONTO AD,—AD3 
BY WRITING TO TP5088'S ADDRESS 
SPACE: 80-mSEC WAIT STATE OCCURS 
AS TONE IS SENT 


WAIT 
80 mSEC 
(SILENCE) 


SELECT ORIGINATE MODE: 
SET UART RTS =1 (THUS, 
MODEM 0/A=1 


WAIT 
WHILE 
POLLING BIT 5 OF 
UART’S MODEM 
STATUS REGISTER 
FOR 30 SEC MAX 
FOR CARRIER. 
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REMOVE SQUELCH FROM TRANSMITTER (UART'S 
OTR =1). THUS MODEM'S SQT=0. THIS SENDS 
ORIGINATE MODE MARK AT 1270 Hz. 


ENABLE AX & TX IN UART'S COMMAND REGISTER 
BEGIN FULL-DUPLEX COMMUNICATION 


TO MAIN 
TL/F/8425-6 


FIGURE 6. The auto-originate routine disables any interrupts during dialing. It provides 80-ms wait-state 
commands to the microprocessor while tones are sent, and 80 ms of silence between tones. If the call is not 
established within 30 sec, the sequence enables the ring indicator or tries the call again. 
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lf no carrier is received, you can hang up the connection 
and call the number again, enter the autoanswer mode, or 
abandon the call. If the connection is established, and an 
answer-mode carrier is received, then writing a One to bit 7 
(DTR) of the command register removes the squelch previ- 
ously imposed upon the originate modem’s carrier. This ac- 
tion causes the UART’s DTR pin to switch Low; as a result, 
SQT = 0 in the modem. Now the UART’s command regis- 
ter enables the receiver and transmitter, and full-duplex 
communication can begin through the main program. 


The autoanswer routine of Figure 7 must begin with an inter- 
rupt that indicates that the phone line has a ring signal on 
the answer modem’s side of the telephone line. Before this 
can occur, it’s necessary to enable interrupts. The hook- 
switch control circuit is still on-hook as it was after power- 
up. Writing a One to bit 7 of the UART’s command register 
ensures squelching of the modem’s transmitter. Writing a 
One to DSR in the modem mask register and Zeros to all 
other bits in this register prevents any other type of data- 
set-change interrupt from occurring. 


The system can continue to do other tasks in anticipation of 
a Calling interrupt, providing the preceding conditions do not 
change. When an interrupt does occur, checking bit 7 of the 
receive-transmit status register reveals whether a data set 
change has occurred. If one hasn’t occurred, then some 
other peripheral has interrupted the microprocessor. Upon 
verification of a data set change, it’s necessary to check bit 
6 of the modem status register to see whether the DSR pin 
has gone high. 


Because ail other bits in the modem status mask were 
masked out, it’s unlikely that any other modem status pin 
has caused the interrupt. Once bit 6 is verified to be high, 
system interrupts are disabled and the processor’s stack 
popped to prevent an interrupt return. Meanwhile, the phone 
line still sees a ringing signal, so a wait loop can be inserted 
for a programmed number of rings before the call is an- 
swered. The connection then goes off-hook as a result of 
reading the tone dialer’s address space. 

Writing a One to bit 6 (RTS) of the command register se- 
lects the -HC943’s answer mode. This action brings the mo- 
dem’s O/A pin Low. A 2 sec wait now occurs in hardware, 


PROCESSOR IS PERFORMING OTHER SYSTEM 
TASKS RING INDICATOR CIRCUIT IS ON HOOK. 
MODEM'S TRANSMITTER 1S SQUELCHED. 
INTERRUPTS ARE ENABLED. ALL DATA SET 
CHANGE INTERRUPTS ARE MASKED OUT 
EXCEPT DSR 


READ RECEIVE-TRANSMIT 
STATUS REGISTER BIT 7 
(DATA SET CHANGED) 


INTERRUPT 


AUTOANSWER 
MODE 


DATA 
READ RECEIVE-TRANSMIT STATUS SET CHANGE 
REGISTER, BIT 7 (DATA SET CHANGE) INDICATED? 


WAIT : 

FOR A DETERMINED ash ss 

NUMBER OF 
RINGS, 


SELECT ANSWER MODE: 
SET UART ATS=0 
(MODEM 0/A=0) 


GO OFF-HOOK 
BY READING FROM TPS088's 
ADDRESS SPACE. 


ENABLE RX & TX IN UART 
COMMAND REGISTER 


BEGIN FULL DUPLEX 
COMMUNICATION. 





LOCAL RINGING 
? 


EXIT: 
SERVICE 
INTERRUPT 


REMOVE SQUELCH FROM 
TRANSMITTER 
(SET UART’S DTR =1) CAUSING 
2-SEC FCC BILLING DELAY IN 
HARDWARE, THEN MODEM’S 
SQT GOES LOW TO SEND AN 
ANSWER MODE MARK (2025 Hz) 


POLL & WAIT 
5 SEC MAX 
FOR OCD BIT CHANGE 
IN UART 


TIME OUT? 


Y 
CARRIER RECEIVED 


i GO ON-HOOK: READ FROM 


TONE ENCODER’S ADDRESS 
SPACE 


SQUELCH TRANSMITTER: SET UART’S 
OTR=1, THUS MODEM’S SOT =0) 


TL/F/8425-7 


FIGURE 7. This autoanswer routine begins with an interrupt indicating the phone line has a ring signal at the 
answer modem. The routine causes the answer modem to listen for the originate modem’s carrier; if the carrier is 
not received within 5 sec, the answer modem’s carrier is suppressed and the originate side can attempt a recall. 
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as previously discussed. The originate modem is now wait- 
ing in silence. Writing a One to bit 7 (DTR) of the command 
register now removes the squelch imposed upon the an- 
swer modem’s transmitter. This operation forces the - 
HC943's squelch (SQT) pin Low and causes transmission of 
a 2025 Hz answer-mode mark. 


The answer modem is now anticipating the originate mo- 
dem’s 1270 Hz carrier. During a 5 sec max wait, bit 5 (DCD) 
of the UART’s modem-status register is polled for a logical 
One. If DCD does not go high in this time, the connection 
goes on-hook and the answer modem's carrier is sup- 
pressed by the squelch circuit. The originate modem can 
now attempt a recall. If the modem receives a carrier within 
the 5 sec limit, bits 0 and 1 in the command register both go 
High, enabling both transmission and reception. Full-duplex 
communication can now begin, and access to the main pro- 
gram for this operation now occurs. 


REMOTE AND LOCAL MODEMS 
BOTH ACTIVE (NO SQUELCH); CARRIERS 
DETECTED BY BOTH MODEMS, 
INTERRUPTS ARE ENABLED AND 

ARE SERVICED BELOW 


CHARACTER READY FOR 
TRANSMISSION 


THE MAIN RX/TX PROGRAM 


After establishing the phone connection between the two 
modems, the main program of Figure 8 controls the recep- 
tion and transmission of data. The routine begins with the 
enabling of system interrupts. Transmission uses a well- 
known polling technique that checks the receive-transmit 
status register whenever a character is ready for transmis- 
sion. If the TXBE (transmit buffer empty) bit is Zero, polling 
of the bit continues until it reads logical One. A character is 
then written into the transmit holding register and the pro- 
cess continues. The character is also transferred to and 
clocked out of the transmit shift register and sent to the 
-HC943; this final process is transparent to the software. 


Data reception receives a higher priority than does trans- 
mission, in most cases, because a character will be over- 


CONTINUE WITH OTHER SYSTEM TASKS 
? 


POLL RECEIVE—TRANSMIT STATUS 
REGISTER, TXBE BIT (BIT 1) 


WRITE CHARACTER TO TRANSMITTER 
HOLDING REGISTER 


TRANSMITTER BUFFER FULL 


INTERRUPT 


READ RECEIVE—TRANSMIT 
STATUS REGISTER 
RX 


RX ERROR 
BUFFER (OVERRUN, 
FULL FRAMING 
? PARITY) 


READ RX 
HOLDING 


REGISTER SEND BREAK FROM 
COMMAND REGISTER TO 


REQUEST 


RETRANSMISSION 
RETURN . OF LOST DATA BLOCK 


FROM 
INTERRUPT 


POP STACK: POP STACK: 
NO RETURN FROM NO RETURN FROM 
INTERRUPT INTERRUPT 


BREAK RECEIVED: 
RESEND LAST BLOCK 
OF CHARACTERS 


CARRIER LOST: 
REOIAL iF IN ORIGINATE 
MODE, OA ENABLE RING 
INDICATOR FOR ANSWER 

MODE 
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FIGURE 8. After the establishment of a phone connection, this communications program takes over the management 
of the modem-to-modem conversation. Because reception is accorded a higher priority than is transmission, it’s 
interrupt driven; i.e., receiving a data word gets top priority. The routine checks for errors and allows for 
retransmission when an error is detected. In the case of loss of carrier, the sequence arranges for both modems to 

: revert to their autoanswer and auto-originate modes. 
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written in the UART if it is not read promptly enough. Thus, 
reception is.interrupt-driven. Other UART-oriented functions 
are interrupt-driven in the main program, but reception of a 
data word receives top priority. 


A read of the receive-transmit status register serves to poll 
six of its important bits. Bit 0 (Receiver Data Ready) is 
polled first; if it's a logical One, a read of the RX holding 
register takes place. This action is followed by an interrupt 
return that transfers control back to the transmission mode. 
If bit O yields no information, bits 3, 4 and 5 are read in 
order. If one of these bits reads logical One, this means a 
receiver-overrun, framing or parity error has occurred; the 
incoming data is defective and must be retransmitted. 


A suitable means of requesting a retransmission of the last 
block of characters is to transmit a break, which is a contin- 
uous string of logical Zeros. Variable break lengths are pro- 
grammable on the NSC858. If the three bits yield no error 
information, then a check of bit 3 (BRK) reveals whether the 
remote modem has received an error and is requesting a 
block resend. The two modems must agree upon both 
break length and block size in order to honor retransmission 
requests. 


Finally, if none of these bits yields any information on the 
cause of the interrupt, the only remaining possibility is loss 
of carrier. This loss is verifiable by looking for a logical Zero 
on bit 5 of the modem status mask. If carrier loss occurs, 
communication must be reestablished. Both modems are 
put back in their originate or answer modes, as applicable. 


Note in Figure 8 that a full RX buffer or an RX error does not 
require a stack pop, because the transmission of data can 
continue undisturbed. If, instead, a break is received (imply- 
ing loss of carrier), then the stack must be popped because 
data transmission is in error or has been broken off—so 
there’s no sense in returning to the transmit mode. 


HOW MUCH POWER? 


Hardware and software requirements satisfied, it’s impor- 
tant to consider the worldly question of power consumption. 
It's easy to calculate the consumption of Figure 2’s system. 
The -HC688s, the -HC123 and the -HC74 switch at a very 
slow rate, so you can use their quiescent-Icc specs. At 
25°C, the worst-case Icc for these devices is 8 pA. The 
other logic chips (i.e., the quad NOR and Schmitt NAND) 
are also 74HC devices; they consume only 2 pA per pack- 
age at 25°C. 


1N401, 
1N417, 
ETC 


TL/F/8425-9 
FIGURE 9. This simple power-down circuit 
puts the crystal oscillator to sleep, reducing the 
modem’s quiescent current by 245 yA. 
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The consumption of the -HC devices is insignificant in com- 
parison with that of the larger circuits in Figure 2. The 
NSC858 uses 5 mA when operating at 300 baud, and it 
uses, at most, approximately 200 A in power-down mode. 
The -HC943 consumes 9 mA max when transmitting at 
—9 dBm; Icc drops to 250 pA in power-down mode. The 
resistor divider for the -HC943’s analog-ground connection 
consumes approximately 1 mA. This current is not required 
by the -HC942; moreover, using an op-amp-generated refer- 
ence instead of a divider can eliminate it for the -HC943. 


Because the TP5088 never operates at the same time as 
the modem, and because the modem consumes more pow- 
er, only the DTMF generator’s idle-mode (no tones sent) 
current of 100 A is needed. The hook-switch relay typically 
consumes about 5 mA, but this figure is strongly dependent 
on the type of relay used. The ring-indicator circuit is line 
powered; therefore, you need not include its consumption in 
these calculations. 


The total worst-case current at 25°C is 20 mA when the 
modem is transmitting, 1.5 mA when the system is in the 
power-down state. This power-down current is roughly 
equivalent to the current consumed by a single low-power 
Schottky-logic gate. Figure 9 shows a method of powering 
down the crystal oscillator, reducing the power-down cur- 
rent for the -HC943 and the system in Figure 2 by 245 pA. 
Note that the microprocessor’s power calculations, and 
those of the system memory or other peripherals, are not 
included in these computations. 


APPLICATIONS AREAS 


Where can you apply the modem system described in this 
article? The most obvious application area is perhaps the 
area of personal computers. But this design is suitable for 
many other microprocessor-controlled systems. For exam- 
ple, Figure 10 shows a pP-based electronic-funds-transfer 
(EFT) terminal (using public telephone lines) at a gasoline 
station. The system comprises a magnetic-card reader 
linked to a display, and several gasoline pumps, each with 
its own display. 

The pumps are connected to the system controller, which is 
a »P-based system with memory, data-encryption firmware, 
pump-control electronics and a modem board. Because 
transactions are executed upon the request of the debit- 
card holder (and not on the request of the bank), the mo- 


TO NETWORK 
CONTROLLER 


SYSTEM CONTROLLER 
(LOCAL) 


PUBLIC PHONE 
SYSTEM 


ELECTRONIC- 
FUNDS- 
TRANSFER 
TERMINAL 


TL/F/8425-10 
FIGURE 10. An electronic-funds-transfer system 
allows for gasoline purchases in this example. The gas 
pumps connect to a system controller that protects 
data by using an encryption technique. The system 
uses public phone lines instead of expensive leased 
lines. The preferred data rate for such proposed 
systems is 300 baud. 





dem circuit of Figure 2 would be configured as an originate- 
only system. The answer-routine software and the ring-indi- 
cator circuit are not needed. 


For central-office receiving equipment that operates on 
pulses rather than on DTMF tones, the tone-dialing circuitry 
(TP5088, -HC688 and -HC123) is also unneeded. The mi- 
croprocessor could toggle the logic-controlled relay to send 
the dialing pulses while software wait loops control the 
pulse duration. 


For a large number of EFT terminals linked to one system, a 
subset of the terminals could interface with a network con- 
troller that would communicate with the central computer at 
a much higher data rate than that of any one terminal. The 
network controller would multiplex the data from the termi- 
nals in its local cluster. This configuration would reduce the 
number of leased lines used from one per terminal to one 
per controller, substantially reducing system cost. 


Most of the risk of opening the public phone system to elec- 
tronic-funds transfer could be eliminated by using data en- 
cryption, with a key that’s easily changed electronically (and 
it should be changed as often as possible). Data encryption 
handled in hardware would offer the speediest operation. 
Such networks are common today, except that usually only 
leased lines are used for EFT. Standards for EFT over the 
public phone system are currently in development. 


In using public phone lines for EFT, the data-transfer rate 
would necessarily be 300 baud for reliable operation over all 
the lines in the system. The 212A standard could also apply 
(it would be as reliable as the 103 standard because it has a 
300-baud FSK backup mode), but a single-chip 212A IC 
could easily attain ten times the cost of the 300-baud 
-HC943 because of the IC’s much greater die size. A small- 
er number of applications would derive much benefit from 
the more expensive 212A IC; applications in which very 
short blocks of data are transferred would glean the least 
benefit of all. 


For example, if the total number of characters (bytes of 
data) to be transferred is 60, then the transmission time is 2 
sec at 300 baud. Using the 212A standard (1200 baud; full 
duplex), this time would be reduced to 0.5 sec, for a 1.5-sec 
savings. This time savings is minimal in terms of billing time. 
And when you consider the total calling time, this 1.5-sec 
decreased delay does not make the EFT terminal or credit- 
verification system appreciably more convenient. 


Long-distance dialing with a conventional pulse or rotary 
system can take as long as 10 sec, while DTMF dialing 
takes 1 sec. The interoffice switching time from dialing com- 
pletion to remote ring can be as long as 12 sec. Finally, for 
every data transmission over the phone system, the FCC 
requires a 2-sec billing delay before data can be sent. So, 
the total transmission time can be as long as 18sec with 
DTMF dialing; 26 sec with pulses. It’s now evident why the 
savings of 1.5 out of 18 or 26 sec does not justify the much 
greater cost of a 212A system in applications using short 
blocks of data. For a properly engineered EFT system, a 60- 
character block of data per transaction in both directions is 
not unreasonably restrictive. 


Finally, there are many other applications that could use the 
public phone lines to transmit data and that could benefit 
from the advantages of 1-chip modems. These areas in- 
clude credit-verification terminals, security systems, acous- 
tic modems, cellular telephones, vending machines, elec- 
tronic-mail terminals and remote utility-metering devices. 
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ANATOMY OF A 1-CHIP MODEM 


The Bell 103 standard specifies the frequency bands for 
FSK marks and spaces. If the modem originates the call, it 
transmits a space as a 1070 Hz; sine wave; a mark is at 
1270 Hz. It receives a mark as 2225 Hz and a space as 
2025 Hz. Consequently, the answer modem receives marks 
at 1270 Hz and spaces at 1070 Hz; it transmits them at 
2225 and 2025 Hz, respectively. Originate and answer 
modes are selectable on the -HC943’s O/A pin (Figure A). 


The transmission level is set by a resistor to the TLA (trans- 
mit-level adjust) pin. The resistor values and attendant 
transmit levels follow the Universal Service Order Code, as 
shown in the -HC943’s data sheet. Raising the SQT pin pro- 
duces a squelch, causing the modem’s sine-wave synthe- 
sizer to assume open 3-state outputs. A squelch action is 
needed when the modem’s line driver is being used to send 
externally generated dial tones, voice transmission or other 
signals. 


The modem IC also has an analog loopback (ALB) pin that, 
when taken high, allows input data on pin TXD to come out 
on the RXD pin after a short delay. Analog loopback is use- 
ful as a diagnostic tool. When both SQT and ALB are taken 
high, the -HC943 goes into its power-down mode—Icco 
drops to 250 pA and the line-driver’s 3-state output as- 
sumes the open state. 


The -HC943 has an on-chip carrier-detect circuit that signals 
the reception of an adequate carrier (signal from the modem 
at the other end of the line). When no carrier is present, the 
modem’s CD output assumes a logical One. When a carrier 
at or above —44 dBm is received, CD goes low after a time 
delay that’s controllable by the CDT input. 


The carrier-detect trip point then drops 3 dB, providing hys- 
teresis to stabilize the CD output. Varying the capacitor on 
the CDT pin changes the carrier-detect turn-on time delay. 
This capacitor similarly affects carrier-detect turn-off time. 
The carrier-detect off-to-on times are set to be longer than 
the on-to-off times. This means the carrier must be present 
and stable to be acknowledged; and that if the carrier 
changes from a stable level to a marginal one, it will be 
quickly rejected. 


The -HC943 offers several advantages over other ap- 
proaches to modem design. One beneficial feature is the 
fact that the receive filter, carrier-detect circuit and hybrid 
function are included on the chip (Figure A). This inclusion 
lowers parts count, saves board space and makes the part 
easy to design in and use. 

The IC is also very economical with power, using only 8 mA 
when transmitting at —9 dBm. It also includes a power- 
down mode that reduces Icc to 250 pA. The device oper- 
ates from one 5V supply; this span gives the modem a typi- 
cal output transmit range of —9 to — 12 dBm. A variation, 
the -HC942, has an output transmit range of 0 to —12 dBm 
typ when operating from +5V supplies. 


The -HC943 performs well in the presence of noise. In tests 
using the industry-standard C-message-weighted noise in- 
jected over a resistive phone-line simulator and with the mo- 
dem’s transmitter sending pseudorandom data, the IC re- 
ceived a 511-bit pseudorandom pattern with a bit-error rate 
of 10-5, or one error in 105 bits sent. These tests were 
conducted with 4.5-dB signal-to-noise ratio. Further bit-er- 
ror-rate tests are under way; the results will be published 
soon. 
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FIGURE A. A 1-chip CMOS modem IC handles 300-baud communications. It generates and receives (and filters) 


the needed 1070-, 1270-, 2025- and 2225-Hz mark and space signals. Other features include 
analog loopback, on-chip carrier-detect circuitry, line-interface circuits, and, of course, modulation and 
demodulation sections. The IC consumes 8 mA in active mode; 250 1A when powered down. 
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Optimum Hybrid Design 


Optimizing the interface between the phone line and a mo- 
dem can significantly improve modem performance. An in- 
crease of 6 dB in transmitted tone rejection can often be 
achieved. Depending on the modem design this can provide 
a similar or greater improvement in dynamic range. 


The analysis described in this article uses the properties of 
conformal mappings to produce a solution which is valid for 
an entire locus of circuits, rather than a single one as is 
generally the result of circuit analyses. 


PART I: PRACTICAL CONSIDERATIONS 


Most low speed, full duplex modems use the phone line for 
transmitting and receiving signals simultaneously. A large 
part of the circuitry in a Bell 103 modem is devoted to sepa- 
rating the transmitted from the received signals. The tele- 
phone line hybrid performs some of this function. By sub- 
tracting the transmitted from the received signal some 
transmitted signal component in the receive path can be 
eliminated. The receive filter removes much of the remain- 
ing transmitted tone but is incapable of removing modula- 
tion sidebands and harmonic distortion products of the 
transmitter. Most receive filters have limited dynamic range 
specifications, so optimizing the hybrid allows maximum sig- 
nal to be presented to the receive filter and thus optimizes 
the overall modem dynamic range. 

The analysis presented in this article is performed at two 
frequencies, 1 kHz and 3 kHz. This was done due to the 
availability of data on the phone line input impedance at 


MODEM 
TRANSMITTER 
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these frequencies. The format of the analysis is general, 
however, and can be applied to any available data. 

A block diagram of the phone tine, data access arrange- 
ment (D.A.A.) and hybrid is shown in Figure 7. The D.A.A. 


’ provides interfacing between the phone line and the hybrid. 


A circuit of a typical D.A.A. is shown in Figure 2. Many of its 
components do not affect the A.C. performance of the sys- 
tem, being included to draw line current, provide on/off 
hook control and perform other similar functions. The hybrid 
performs two to four wire conversion. 


The most common hybrid circuit is shown in Figure 3. This 
circuit is the one used in National Semiconductor's 
MM74HC942 and MM74HC943 single chip 300 baud mo- 
dems. Analysis of this circuit reveals it nulls the transmitted 
signal only for the case where the D.A.A. input impedance is 
6002. The phone line input impedance, and thus the D.A.A. 
input impedance varies from line to line, and this ideal case 
is rare. 


By optimizing the hybrid circuit, performance improvements 
can be achieved. For modems for the consumer market the 
extra component cost may not justify the performance im- 
provements. For the industrial market however, the perform- 
ance improvements may outweigh the cost. 


The variety of phone line impedances are demonstrated in 
Figure 4a. and Figure 4b, As can be seen the impedance 
varies over a wide range, and 6002 is not a good approxi- 
mation of the value. The data for these graphs is from 
Gresh(2). 
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FIGURE 1. Hybrid, D.A.A. and Phone Line 
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FIGURE 2. D.A.A. Typical Circuit 
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FIGURE 3. Common Hybrid Circuit 
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Improved Hybrid Topology 


A common variation of the circuit of Figure 3 is to replace 
R2 with an RC network. This does allow the hybrid to be 
optimized, but causes the circuit to have a non-flat frequen- 
cy response from the phone line to the hybrid output. This 
causes little change in actual performance, but does cause 
the modem's carrier amplitude detect circuit to trip at differ- 
ent points depending on the mode of the modem (Answer or 
Originate). This is undesirable. 


An improved hybrid circuit is shown in Figure 5. This circuit 
has fixed gain from the phone line to the modem output, and 
achieves good performance after optimum selection of the 
components. 


This article includes a computer program which optimizes 
the component values of this circuit. It is possible to use this 
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FIGURE 4A. Input Impedance of Phone Line at 3 kHz 
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program without fully understanding the details of its opera- 
tion, however some of its operation must be understood. 


The Hybrid Design Problem 


The aim of the hybrid is to minimize the hybrid gain G from 
the transmitter output to the modem input. Generally, a val- 
ue Gmax will be chosen that is the maximum tolerable gain. 
Phase shift does not affect modem performance so the gain 
G can be a complex number. Thus the modem design goal 
can be expressed by the equation 

|G | < Gmax (Eqn.1). 
Obviously minimizing Gmax would also be a benefit. This 
equation is the equation of a circle. The range of values of G 
in complex space is called the ‘‘gain space”’. 
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FIGURE 4B. Input Impedance of Phone Line at 1 kHz 
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FIGURE 5. Improved Hybrid Topology 
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FIGURE 6. Design Solution Space 


Due to some mathematics described in Part 2 of this article, 
for any hybrid or D.A.A. design the range of phone line im- 
pedances for which Eqn.1 is satisfied falls inside a circle. 
This means this hybrid design meets its design goal for all 
the impedances enclosed by this circle. This is illustrated in 
Figure 6. 


As the circle of impedances for which the design goal is met 
depends on the hybrid design, this design may be altered to 
move the circle of phone line impedances for which the 
design goal is satisfied. This is to some extent a reverse 
way of looking at the problem. A hybrid design is chosen, 
and analysis of its performance shows it meets its design 
goal for a circular disk of phone line impedances. This circu- 
lar range of impedances may not include many of the possi- 
ble phone line input impedances. In this case it is necessary 
to adjust the hybrid design until the circle of impedances for 
which the design goal is met is a reasonable approximation 
of the range of phone line impedances. 


In practice it is easier to solve the problem in a more direct 
manner. Since the design will meet its goal for a range of 
impedances in the form of a circle, as the first step of the 
hybrid design this circle may be chosen. For the range of 
impedances described by this circle the hybrid will show a 
range of gain values which will be a circle, but may not be of 
the form of Eqn.1, the design goal. The hybrid may then be 
adjusted until, for the range of phone line impedances cho- 
sen, the gain is of the form of Eqn.1. At this point the radius 
of the circle Gmax, is evaluated. This gives the best possi- 
ble design goal based on the range of impedances of the 
analysis. 

The design problem is thus one of choosing R1, R2 and C2 
so the circle of impedances for which Eqn.1 is satisfied en- 
closes the areas of phone line impedances of interest. The 
constraints applying to the choice of the circle representing 
the phone line is discussed in the worked example. 


The Effect of the D.A.A. 


Before the circuit can be optimized the effect of any circuitry 
between the hybrid and the phone line must be taken into 
consideration. This is not difficult because, just as the hybrid 
generated a circular range of impedances for which the de- 
sign goal was satisfied, the D.A.A. input impedance, for a 
circular range of load impedances, will cover a circular 
range. 


Understanding exactly the relation between the phone line 
input impedance and the D.A.A. input impedance is a diffi- 
cult task. This task is sidestepped by evaluating the effect of 
the D.A.A. at three points for each frequency of analysis. 
These points are chosen to provide all the necessary data 
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on the effect of the D.A.A. This is demonstrated in the ex- 
ample and explained fully in Part 2. 


HYBRID DESIGN EXAMPLE 


This example covers the complete design of a hybrid. The 
design example uses a MIDCOM 671-0017 transformer, but 
the technique is applicable to any D.A.A circuit. 


Step 1: Designing the D.A.A. Input Impedance 


It is necessary that the final circuit, when measured from the 
phone line, have an input impedance of 6009 +10% to 
meet F.C.C. specifications. This impedance should be resis- 
tive. Several components of the D.A.A. affect the final cir- 
cuit’s input impedance. These must be identified and the 
necessary components adjusted until the design meets its 
goal. 

From Figure 2 it can be seen that few components of the 
D.A.A. affect the A.C. performance of the system. The resis- 
tor R3 is usually very large and can be ignored. The transis- 
tors Q1, Q2 and Q3 form a current source which does not 
have any effect on A.C. The diodes DZ1 and DZ2 are for 
surge suppression and may also be ignored. Thus the only 
components which affect the A.C. performance of the 
D.A.A. are the transformer, the capacitor C;, the hybrid out- 
put impedance Rj, and the phone line input impedance Z,. 
By adjusting R; and C; it is possible to adjust the input 
impedance of the circuit to meet the specification. This may 
be done using the simplified circuit shown in Figure 7. It 
should be done at about 2 kHz so optimum performance is 
achieved across the 300-3 kHz band of the phone fine. 


Some modem designers find the value of Ry simply by mea- 
suring the D.C. resistance of the transformer and subtract- 
ing it from 6000. This will not compensate for incomplete 
coupling between transformer windings, or a transformer 
with an unequal number of turns on the primary and second- 
ary sides. Thus optimum designs can only be achieved with 
an impedance analyzer and actual measurements of circuit 
performance. 


The values of Ry and C; should consist of “preferred” val- 
ues for ease of manufacture of the finished circuit. The val- 
ue of R; in Figure 7 consists of the parallel value of Ry and 
Re of the improved hybrid circuit of Figure 5. At this point Re 
can be chosen, the only real constraint being that it be 
much greater than 6002 so it has minimal effect on the rest 
of the circuit. A value of 20 kf. is suitable for most applica- 
tions. 

By trial and error it was found that the value of the capacitor 
C; required for the MIDCOM 671-0017 transformer is 
.01 pF. This brings the phase of the transformer input im- 
pedance to less than 1 degree. A resistor Rj of value 6010 
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FIGURE 7. Designing D.A.A. Input Impedance 


(20k in parallel with 620) gave an input impedance of the 
network of 6030. It could be argued that these adjustments 
are unnecessary, as a 6002 resistor and no capacitor will 
provide an input impedance which is within the F.C.C. speci- 
fications. However, some transformers, particulary low qual- 
ity miniature ones, will cause the final design to fall outside 
of F.C.C. specifications if these adjustments are not includ- 


TL/F/8428-8 


range of impedances, this range of phone line impedances 
must be chosen. This is chosen by drawing a circle on a plot 
of phone line input impedances. This circle is chosen to 
enclose most values in an efficient manner. This is demon- 
strated in Figure 8. 


At this point some engineering discretion must be applied. 
As a small circle represents a small range of phone line 
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ed. They were thus included for completeness. input impedance variation, it is intuitive that an optimized 


design should have high performance, and the measure of 
hybrid performance Gmax will be small, indicating high 
transmitter rejection. Thus the circle chosen should be 


Step 2: Characterizing the Phone Line 


The range of impedances seen looking into the phone line 
must be defined. Since the final circuit works for a circular 
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FIGURE 8. Phone Line Input Impedance Circles 
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small. On the other hand, the smaller the circle, the smaller 
the percentage of possible phone line input impedances en- 
closed by it, and the less meaningful the final design be- 
comes. 


Phone line input impedance circles should be chosen at 
both 1 kHz and 3 kHz, the two frequencies at which data is 
available. 


Three points on the perimeter of each of these circles are 
then chosen. As three points define a circle, these six points 
define the range of phone line impedances at the two fre- 
quencies. These points contain all the information of the 
circles which were drawn. The values chosen by the author 
from the data of Figure 8 are given in Table I, together with 
R and C combinations which produce these impedances. 
Combinations of resistors and capacitors are then selected 
to simulate these impedances. These RC networks are 
used as a crude phone line simulator in the proceeding 
analysis as is shown in Figure 9. 


Step 3: Characterizing the D.A.A. 


The RC networks simulating the phone line are placed on 


the phone line side of the D.A.A. The input impedance of 
the D.A.A. is then measured for each RC network at the 
relevant frequency. This is illustrated in Figure 9. The six 
impedance values measured at this point now completely 
specify the D.A.A. and phone line. These values are used as 
inputs for the hybrid optimization program. 
TABLE I. 
Phone Line and D.A.A. Characterization Impedances 


jFrea | zx | R | c¢ | Zora | 
| ikHz | 2901500 | 200 | oc9mF | 419/564 _ 
| tkHz | s00 | soo | 0 | 89410 _| 


| aktz | 3001120 | 300 | 044 mF | 9905115 _ 


3kHz | 300-(780 | 300 | o.68nF | 344/612 
620-j 450 0.12mF | 651/511 


Step 4: Running the Optimization Routine 


The program included in Part 2 can now be run. This pro- 
gram is written in HP Basic (3). This code used in this pro- 
gram is very similar to FORTRAN so if users do not have 
access to a machine capable of running HP Basic, transla- 
tion to FORTRAN should be straightforward. The author has 
been running the program on the HP98XX series desktop 
computers. An example of the program output is provided 
as a guide. The program provides all the necessary 
prompts. The steps are: 


1) Enter the program and begin execution. 
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2) Enter the value of the resistor Rr of Figure 5 as deter- 
mined in the section “‘Designing the Hybrid Input Imped- 
ance”. 


3) Enter the real and imaginary parts of the 6 measurements 
from “Characterizing the D.A.A.” So long as the values 
are entered for the correct frequency class the order is 
unimportant. These are echoed by the program, including 
the center and radius of the circle defined by them. 


The program will then print the transmitter gain for the hy- 
brid circuit which has been optimized for a 6002. load. This 
is the “Transmitter rejection for A =0.25”. In the example 
given this was 11 dB at 1 kHz and only 5 dB at 3 kHz. 


The program then also prints the ‘Best transmitter rejec- 
tion’. This is the optimum performance which can be 
achieved under the worst conditions within the range cho- 
sen. Most loads within the range will show better perform- 
ance than this. As can be seen from the example this is 
considerably more rejection than provided by the simple cir- 
cuit, providing an extra 6 dB at 1 kHz and 7.5 dB at 3 kHz. 


The ‘Optimized A Value” refers to the gain to the non-in- 
verting input of the op-amp for optimum performance. 


The ‘“‘Gain Circle Center” and ‘‘Gain Circle Radius” refer to’ 
the circle of Eqn.1. These values were calculated inside the 
program and demonstrate that the final solution has the 
form of Eqn.1: a circle centered at the origin. 

4) Enter a value for Ry of Figure 5. This value is arbitrary, 


but will affect the final values of Re and Co. 20 kf is 
usually suitable. 


The program will then return optimum values of Re and Co 
for each frequency. A compromise depending on the actual 
final design is chosen. For example, suppose the modem 
was ‘‘Originate only”, then high frequency performance is 


more important than low, as the modem receives on the 
high frequency band. Thus resistor and capacitor values 
should be chosen to optimize performance at high frequen- 
cies. For an “Answer or Originate’’» modem the values 
should be chosen for the frequency at which performance is 
poorest, as this can least be compromised. At this point 
component values should be rounded off to “‘preferred val- 


ues . 


The program will then print the actual performance based 
on the final chosen values. As can be seen in the example 
the effect of the compromise is not great, as the final values 
are worse by approximately 2 dB at 1 kHz and 0.2 dB at 
3 kHz than the best possible. 


Step 5: The Final Circuit 


Figure 10 shows the final hybrid circuit while Figure 77 
shows a complete modem circuit with an optimized hybrid 
and employing the MM74HC943 single chip modem. As can 
be seen the additional circuitry required to provide an opti- 
mized hybrid is small. 
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FIGURE 9. Characterizing the D.A.A. 
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FIGURE 10. Optimized Hybrid Circuit 
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FIGURE 11. Complete Stand Alone Modem With Optimized Hybrid 


PART 2: PROBLEM ANALYSIS 3) Optimizing the Hybrid Design 

This presents the analysis of the hybrid design problem, and 4) Realizing the Optimized Hybrid Design 
discusses the techniques to optimize the design. The analy- 1) The Design Goal 

sis proceeds by first evaluating a performance criterion for a g 
given hybrid design. Then, using a computer program, this 
performance is optimized. 

A block diagram of the functions from the phone line to the G=20xA- 4 

modem is shown in Figure 1. The analysis of the hybrid . ZL + Rr (Eqn.2), 


optimization problem consists of four parts: Ro 
1) Stating the Design Goal where A = Ry + Re + sRyReCo (Eqn.3). 


2) Analyzing the Hybrid, D.A.A. and Phone Line Interaction 


From Figure 5, assuming Re > Rr the gain from the trans- 
mitter output to the hybrid output is: 
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is the non-inverting gain from the transmitter to the op-amp, 


Z, is the Thevenin equivalent input impedance of the D.A.A. _ 


and s is the Laplace Transform variable. 


Note that the transmitter signal is completely rejected in the 
case Rr = Z_ = 600, A = 0.25. This is the case of the 
resistive hybrid designed for an “ideal” phone line. 


Since the purpose of the hybrid is to reject transmitted 
tones, a figure of merit of the hybrid is the transmitter rejec- 
tion, the reciprocal of the hybrid gain. The task of optimizing 
the hybird design is to minimize G for the entire locus of Z, 
For this locus of Z, there will exist Gmax, a scalar equal to 
the absolute value of the worst case gain of the hybrid. As G 
may be a complex number the design goal may now be 
written 


|G| < Gmax (Eqn.4). 
(This is Eqn.1 of Part 1 and is repeated here for complete- 
ness). The locus of G satisfying this equation will lie inside 
the circle. 

|G| = Gmax (Eqn.5). 
The goal of the hybrid design is to find the value of A such 
that Gmax is minimized, and Eqn.4 is satisfied for the entire 
locus of the hybrid load Z,. 


Mathematical Tools 


Before the hybrid can be optimized the mathematics of the 
problem must be further defined. 


The relationship Eqn.2 states that for fixed A, for each load 
Z, there exists a gain G satisfying Eqn.2. This equation may 
be considered a transform mapping the Load Space onto 
the Hybrid Gain Space. 


This transform is of a very clearly defined nature. It is a 
Linear Fractional Transformation, which is a special case of 


a Conformal Mapping (1). Conformal Mappings have the fol- 
lowing properties: 


1) They map circles onto circles 
2) They have inverses 


3) Their inverses are Conformal Mappings 


4) The combination of two conformal mappings is a confor- 
mal mapping 

Many relationships between various aspects of linear. net- 

works are conformal mappings. For example, the relation- 

ship between the input impedance of a linear two-port and 

the termination impedance of the two-port is a conformal 

mapping. 


IMAGINARY 
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The mapping of a circle by a conformal mapping may be 
characterized by evaluating its affect on three arbitary 
points on the perimeter of the circle. These points will lie on 
the perimeter of the circle to which this circle is mapped. 
The center and radius of the new circle may then be found 
using simple algebra. This is illustrated in Figure 72. 


The Hybrid, D.A.A. and Phone Line Interaction 
The information available to the hybrid designer consists of: 


(i) The hybrid topology is known. Only one complex num- 
ber A is required to define the hybrid electrical charac- 
teristics at a given frequency. 


(ii) The electrical characteristics of the D.A.A. can be mea- 
sured. The D.A.A. design is based on phone-line inter- 
face constraints. Once these are met the D.A.A. can be 
characterized. 


(iii) Thelocus ofthe phone lineinputimpedanceis available(2). 
From this information the analysis proceeds by: 


(i) The locus of D.A.A. input impedances is evaluated. This 
is done by sidestepping the complex problem of fully ana- 
lyzing the D.A.A. The final form of the design goal is in the 
form of a circle. As the hybrid may be represented by a 
conformal mapping, and the D.A.A. is a linear network, 
the relation between its input impedance and the phone 
line input impedance is a conformal mapping. Thus by 
Conformal Mapping Property No. 4 the locus of phone 
line input impedances for which the hybrid meets its de- 
sign goal will be a circle. 


The range of phone line input impedances for which the 
hybrid will be optimized may be chosen. The basic tradeoffs 
made in this task are discussed in the section “Characteriz- 
ing the Phone Line”. 


Once these circles have been chosen the effect of the 
D.A.A. is evaluated to find the locus of D.A.A. input imped- 
ances. The final form of this locus for the purposes of this 
analysis is a circle. This circle may be found by terminating 
the D.A.A. with three impedances, these impedances hav- 
ing been chosen to lie on the perimeter of the. circles of 
phone line input impedance. With each of these impedances 
on the D.A.A., its input impedance is measured. The three 
input impedances will lie on a circle, and this circle will de- 
fine the locus of D.A.A. input impedances. This second cir- 
cle may be evaluated for its center and radius using simple 
algebra. This procedure is repeated at each frequency for 
which impedance data is available. 


Thus the problem of characterizing the D.A.A. has been re- 
duced to measuring its affect on three points at each fre- 
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FIGURE 12. The Conformal Mapping of a Circle 
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quency of analysis. These points were carefully chosen to 
contain all the information necessary for the problem solu- 
tion so detailed D.A.A. circuit analysis is not necessary. 


Maximum Hybrid Gain 


Once the circles representing the loci of loads have been 
defined the maximum hybrid gain may be calculated for the 
given hybrid parameters. The three points of possible loads 
defining each load circle are transformed to Gain Space 
using Eqn.2 and Eqn.3. The three points in Gain Space now 
define the circle of possible hybrid gain. 


Thus the entire range of circuit gains for the entire range of 
phone line input impedances have been evaluated. This 
was performed by the two conformal mappings, one from 
the phone line to the D.A.A. input impedance via the D.A.A. 
and the second from the D.A.A. input impedance to the hy- 
brid gain via Eqns. 2 and 3. 


Once the points defining the circles of possible hybrid gain 
have been found, they may be solved for their centers and 
radii. The maximum hybrid gain may be evaluated. By in- 
spection of Figure 13 the maximum transmit path gain is 
Gmax = |Cx + jCy| +R (Eqn.6). 

The analysis thus yields a unique number characterizing the 
hybrid at each frequency. This number is the worst possible 
performance for the entire locus of loads selected for the 
analysis. 


Optimizing the Hybrid 

As the performance of a hybrid can now be evaluated for 
any amplifier gain the problem remains to choose the value 
of A which optimizes hybrid performance. This is done using 
a simple numerical search algorithm. 


First a value of amplifier gain is arbitarily chosen. Four 
points around this value are then chosen. The distance be- 


tween the central point and the outer points is arbitrary. The 
hybrid performance is then evaluated at each of these five 
points. Based on the behavior at each of these points a 
search routine may be implemented. This is illustrated in 
Figure 14. 


lf the best value of A is found to be one of the outer four 
points, this point is chosen as the central point for another 
matrix of gain values. 


If the best value of A is the central point, the best possible 
hybrid is inside the area defined by the outer points, so the 
search increment Ajnc is halved. This allows greater resolu- 
tion for the search. The search then continues using the 
new value of Aine. 


This process is repeated until the value of Aing is so small 
that the optimum value for A is known to be inside a precise- 
ly defined area. At this point A is known to within the re- 
quired accuracy. 


Although the optimization routine minimizes Gmax, the final 
form of the solution is of the form of Eqn.4 and Eqn.5. i.e., 
the range of hybrid gains for the range of loads is a circle 
with its center at the origin. Intuitively this is reasonable as 
the optimum hybrid design will be one that makes most effi- 
cient use of the gain space. A proof of this is beyond the 
scope of this analysis. 


Designing the Hybrid 

The final problem to be solved is to find a circuit which has 
the optimum gains A at each of the frequencies of the analy- 
sis. The circuit used in Part 1 was found to give sufficient 
accuracy for engineering purposes. Solving this circuit at 
one frequency for a necessary gain is straightforward. How- 
ever, this circuit is not capable of realizing arbitrary gains at 
each frequency. For this reason a compromise is made. The 


MAXIMUM 
HYBRID GAIN 


CIRCLE 


TL/F/8428-15 
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FIGURE 13. The Maximum Hybrid Gain 


@ (Ay, Ay + Ainc) 


(Ax—Aine: Ay) ® ° 
(Ay, Ay) 


© (Ax + Aine: Ay) 


® (Ay, Ay— Aine) 


FIGURE 14. Matrix of Points for Numerical Search 
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circuit components for optimum performance may differ for 
each frequency. This is due to the complex nature of the 
phone line input impedance. The circuit performance degra- 
dation from choosing fixed values for these components is 
small as was demonstrated in the example. If desired, a 
more complex hybrid circuit, capable of realizing the opti- 
mum gain at each frequency could be designed. This would 
not be a difficult task. However, the extra performance may 
not justify the increased complexity. 


Thus, by utilizing a combination of complex number analy- 
sis, computer programming and engineering discretion, an 
apparently intractable problem has been reduced to a sim- 
ple procedure for optimum hybrid design. 


HYBRID OPTIMIZATION ANALYSIS 
termination resistance 
circle points at 1 kHz. 
419 Y = ~564 

= 970 Y = -870 

= 594 Y= -10 
Load Circle 
Load Circle Radius 478.941952156 
Transmitter rejection for A=0.25 = 
Best transmitter rejection -—17.19882266 dB 
Optimized A value .285309791565 
Gain circle center X= 


Transformer 
Load 


620 


«138055969527 


circle radius 


circle points at 
= 390 Y= -115 
= 344 Y= -812 
651 Y= -51l 
Circle Center at 
Load Circle Radius 355.850852831 
Transmitter rejection for A=0.25 = 
Best transmitter rejection —12.4830101726 4B 
Optimized A value .193202972412 
Gain circle center X= -7.65881406104E-8 Y= 
Gain circle radius 237601371549 


X= 


Optimum hybrid component values at 1000 Hz 
Rl = 20000 

R2 = 8451.85356886 

C2 = 5.43598278096E-9 

Optimum hybrid component values at 3000 Hz 
Rl 20000 

R2 9186.276873 

C2 6.6844698044E-~9 

Chosen values ; R2= 9100 C2 = 
At 1 KHz 

A value for 
Transmitter 
At 3 KHz 

A value for 


6.8E-9 
chosen components .291873289127 
rejection 

chosen components .19037172402 


Transmitter rejection 


~.0578956604004 j 
8.19033644646E-7 Y= -8.34107354335E-7 
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Center at X= 869.603733515 Y= -401.698832789 


—11.2550722066 dB 


298.967509106 Y= -459.010050816 
-4.96759666758 dB 


~-153240205857 3 


2.89917098934E-7 


-.0779940607259 j 


-14.8780162652 dB 


~.152612770919 j 
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HYBRID DESIGN PROGRAM 
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P.S. Sept '83 


This program finds a value of the gain A in the non inverting path of 
a hybrid for optimum operation of the hybrid. The hybrid is optimized 
! for an entire locus of loads. 
The locus of loads is assumed to be enclosed by a circle. Three points 
on the perimeter of the circle are used as inputs and these points define 
the circles. This is performed at two frequencies, 1 and 3 kHz. 


This program is written in HP (Hewlett Packard) Basic 2.0. 
The following variable conventions are used 


First letter Z : a load point (Z-space) 

First letter A : the gain to the non-inv. input of the op-amp (A=-Space) 
! First letter G : a hybrid gain point (G-space) 

Subscript x : Real part of a complex variable. 

Subscript y : Imaginary part of a complex variable. 


REAL Ax(3) ,Ay(3) 

COM /Z/ REAL Z1x(1:3,1:3) ,Zly(1:3,133) ,K 
COM /Circle/ Cx,Cy,R 

COM /Rtermc/ Rterm 


PRINT * HYBRID OPTIMIZATION ANALYSIS " 
PRINT * 


INPUT “Enter transformer termination resistance",Rterm 
PRINT " © : 

PRINT " Transformer termination resistance" ,Rterm 
PRINT "= * 


! Read load circle values 


CALL Readz (Z1x(*) ,Zly(*) ,Rterm) 
t 


FOR K=l TO 3 STEP 2 ! Step through two frequencies. 
PRINT "Load circle points at ";K;" KHz." 
PRINT * * 
FOR K3=1 TO 3 
PRINT * X = "5Z1x(K,K3) 3" Y " ;Zly(K,K3) 
NEXT K3 
CALL Cir (Rx,Ry,R,Z1x(K,1) ,Zly(K,1) ,Z1x(K,2) ,Zly(K,2) ,Z1x(K,3),Z1ly(K, 5) ) 
PRINT "Load Circle Center at X= ";Rx;" Y= ";Ry 
PRINT “Load Circle Radius "sR 
PRINT " *® 
CALL Gmax(Gohl,.25,0.,Gohdb) 
Gohldb=20.*LGT (Gohl) 
PRINT “Transmitter rejection for A=0.25 = ";Gohdb;" dB" 
PRINT " " 
CALL Search (Gmin,Ax(K) ,Ay(K) ) 
CALL Gmax(Goh,Ax(K) ,Ay(K) ,Gohdb) 
PRINT "Best transmitter rejection ";Gohdb;" dB” 
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630 PRINT "Optimized A value ";Ax(K);" "sAy(K) 3" j* 

640 PRINT " * 

650 PRINT "Gain circle center X= ";Cx," Y= "3Cy 

660 PRINT "Gain circle radius 

670 PRINT 

680 PRINT 

690 NEXT K 

700 u 

710 CALL Plirc(Ax(1) ,Ay(1) ,Ax(3) ,Ay(3) ) 

720 END 

730 ! 

740 SUB Search(Gmin,Acenx,Aceny) 

750 

760 Search in amplifier gain space (A=-Space) for 

770 the amplifier gain constant yielding 

780 optimum hybrid performance. 

790 The amplifier gain at this point is 

800 (Acenx,Aceny) and the hybrid gain is Gmin 

810 at the worst point. 

820 

830 REAL Gs(1:5) ,Ax(1:5) ,Ay(1:5) 

840 { 

850 Acenx=3. Choose arbitrary value to begin search 
860 Aceny=0. Arbitrary y value 

870 Ainc =.5 ! Gain increment: sets size of Search area 
880 7 

890 FOR J=l TO 1000 ! Dummy loop for Search. 

900 Ax(1)=Acenx ! Center of pattern of points 
910 Ay (1)=Aceny 

920 Ax(2)=Acenx+Ainc ! These statements 

930 Ay (2)=Aceny ! create the matrix 

940 Ax(3)=Acenx~Ainc 
950 Ay (3) =Aceny 


! of points of 

7 
960 Ax(4)=Acenx : 

! 

' 

! 


Figure 13. 


970 Ay (4)=Aceny+Ainc 

980 Ax(5)=Acenx 

990 Ay (5)=Aceny~Ainc 

1000 ! 

1010 FOR K=1 TO 5 ! Evaluate performance at points of matrix 
1020 CALL Gmax(Gs(K) ,Ax(K) ,Ay(K) ,Gsdb) 

1030 NEXT K 

1040 ! 

1050 Gmin=MIN(Gs(1) ,G@s(2) ,Gs(3) ,Gs(4),Gs(5)) ! Find best point 
1060 ! 

1070 IF (Gmin=Gs(1)) THEN ! Center point is best 

1080 IF (Ainc<1.0E-6) THEN Finish ! Search accuracy is 0.K. 
1090 Ainc=Ainc/2.0 ! Increase search accuracy 

1100 : 

1110 ELSE ! Find which point is best 

1120 FOR L=2 TO 5 ! Loop thru perimeter points of matrix 
1130 IF (Gmin=Gs(L)) THEN ! Best point located 

1140 Acenx=Ax (L) 

1150 Aceny=Ay (L) 

1160 END IF 
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NEXT L 
END IF 
NEXT J 
Finish: ! 
SUBEND 
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SUB Gmax(Goh,Ax,Ay,Gohdb) 
i) 
COM /Circle/ Cx,Cy,R 
COM /Z/ Z1x(*) ,Zly(*) ,Khz 
i] 
! This sub finds the maximum gain of the hybrid with gain Ax,Ay 
! for the locus of loads defined by Z1x1,Zlyl ... 
! 
CALL Zitog(Ax,Ay,Z1x(Khz,1),Zly(Khz,1l),Gxl,Gyl) ! Find points in Gain 
CALL Zltog(Ax,Ay, Z1x(Khz,2) ,Zly(Khz,2) ,Gx2,Gy2) ! space for each load 


CALL Zltog(Ax, Ay, Z1x(Khz,3) ,Zly(Khz,3) ,Gx3,Gy3) ! for given A value. 
i] 


CALL Cir(Cx,Cy,R,Gxl,Gyl,Gx2,Gy2,Gx3,Gy3) ! Find circle in G Space 
Goh=R+SQR(CxA2+CyA2) ! Evaluate maximum gain 


Gohdb=20.*LGT (Goh) 
! 


SUBEND ! 


. 


SUB Cir(Cx,Cy,R,X1,¥1,X2,Y2,X3,Y3) 


! Solves for circle passing thru (X1,Yl1)... for center Cx,Cy and radius R 
! 


Varl=X2 A 2-X1LA24Y¥2A2-Y1A2 
Var2=X3 A 2-X2A24+Y3A2-Y2A2 
M11=2.* (X2-X1) 
M1l2=2.* (Y2-Y1) 
M21=2.* (X3-X2) 
M22=2.* (Y3=-Y2) 
Mdet=M11*M22-M12*M21 
Cx= (M22*Varl-Ml2*Var2) /Mdet Circle center 
Cy=(M11*Var2-M21"*Var1l) /Mdet Circle center 
R=SQR( (X1-Cx) A2+(¥1-Cy) A2) ! Circle radius 
SUBEND ! 
! 
SUB Zltog(Ax,Ay, Z1x, Zly, Gx, Gy) 
! 
COM /Rtermc/ Rterm 
7 This calculates the gain from the transmitter to the hybrid output. 
! Ax and Ay are the real and imaginary parts of the gain to the non-inv 
{ input of the op-amp. The value of the line transformer terminating 
! resistor is the variable rterm, passed through common. 
t 





! Compute inverting gain 
Rden=Z1x+Rterm 
Iden=Zly 
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Absden=RdenA 2+IdenA2 

Gxi=(Z1x* (Zlx+Rterm)+Zly A2) /Absden 
Gyi=Rterm*Zly/Absden 

! 

Gx=2.0*Ax-Gxi ! Sum non inverting and inverting 
Gy=2.0*Ay-Gyi ! gains 


SUBEND fe ane ween awass cen nn ccedenenennaccesateanssenewns 


SUB Readz(Zlx(*),Zly(*),Zterm) ! Reads impedance values from user 
INPUT "Enter Khz impedance no ",Z1x(1,1),Z1ly(1,1) 
INPUT "Enter Khz impedance no *,Z1x(1,2),Zly(1,2) 
INPUT "Enter Khz impedance no ",Z1x(1,3),Zly(1,3) 
INPUT "Enter 3 Khz impedance no ",Z1x(3,1) ,Zly(3,1) 
INPUT "Enter Khz impedance no ",Z1x(3,2),Zly(3,2) 
INPUT impedance ",Z1x(3,3) ,Zly(3,3) 
SUBEND ! 


SUB Pllre(Al,B1,A3,B3) ! Handles choice of R&C in non-inv. path 


! 


COM /Z/ Z1x(*),Zly(*) ,Khz 


INPUT " Enter input resistor value",R1l 
! 


CALL Re(Al,B1,1000.,R1,R2,C2) 
CALL Re(A3,B3,35000.,R1,R2, C2) 

! 
INPUT " Enter deSired values of R2,C2 ",R2,C2 
PRINT " Chosen values ; R2= ";R2;" C2 = ";C2 
FOR Khz=l TO 3 STEP 2 

! Khz is passed through common 

PRINI " " 

PRINT "At ";Khz2;" KHz" 

CALL Eval (R1,R2,C2,1000.*Khz,A,B) 
NEXT Khz 


SUBEND 


SUB Rc(A,B,F,R1L,R2,C2) ! Finds R2,C2 to give gain A+jB at F Hz. 


Denom=A A 2+BA2 
Theta=A/Denom 


Phi=-1.0*B/Denom 
! 


R2=R1/ (Theta-1) 
C2=Phi/R1/2./PI/F 


i 


. 


PRINT " " 
PRINT " Optimum hybrid component values at ";F3;" Hz." 
PRINT * Rl = ":;Rl 
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PRINT * R2 
PRINT " C2 = 


SUBEND 


SUB Eval (R1,R2,C2,F,A,B) ! Evaluates hybrid of R1,R2,C2 at 


Theta=R1/R2+1. 

PhisF*2*PI*Ce*R1 

Denom=ThetaA 2+PhiA2 

A=Theta/Denom 

B=-1.0*Phi/Denom 

PRINT " A value for chosSen components "sA3;" "3sB;" 4* 
CALL Gmax(Goh,A,B,Gohdb) 


PRINT " Transmitter rejection "sGohdb;" dB" 
: 


SUBEND 





2-213 


Z6E-NV 


MB-18 


MM54C/MM74C Voltage 
Translation Buffering 


INTRODUCTION 


A new series of MM54C/MM74C buffers has been designed 
to interface systems operating at different voltage levels. In 
addition to performing voltage translation, the MM54C901/ 
MM74C901 through MM54C904/MM74C904 hex buffers 
can drive two standard TTL loads at Vcc = 5V. This is an 
increase of ten times over the two LpTTL loads that the 
standard MM54C/MM74C gate can drive. These new devic- 
es greatly increase the flexibility of the MM54C/MM74C 
family when interfacing to other logic systems. 


PMOS TO CMOS INTERFACE 


Since most PMOS outputs normally can pull more negative 
than ground, the conventional CMOS input diode clamp 
from input to ground poses problems. The least of these is 
increased power consumption. Even though the output 
would be clamped at one diode drop (—0.6V), all the current 
that flows comes from the PMOS negative supply. For TTL 
compatible PMOS this is —12V. A PMOS output designed 
to drive one TTL load will typically sink 5 mA. The 


(+5V) 
Vec 


TYPICAL PMOS TTL 
PUSH-PULL OUTPUT 





STO CMOS INPUT 


TL/F/6034-1 
FIGURE 1 


National Semiconductor 
Memory Brief 18 

John Jorgensen 
Thomas P. Redfern - 





total power per TTL output is then 5 mA x 12V = 60 mW. 
The second problem is more serious. Currents of 5 mA or 
greater from a CMOS input clamp diode can cause four-lay- 
er diode action on the CMOS device. This, at best, will total- 
ly disrupt normal circuit operation and, at worst, will cause 
catastrophic failure. : 


To overcome this problem the MM74C903 and MM74C904 
have been designed with a clamp diode from inputs to Vcc 
only. This single diode provides adequate static discharge 
protection and, at the same time, allows voltages of up to 
—17V on any input. Since there is essentially no current 
without the diode, both the high power dissipation and latch 
up problems are eliminated. 

To demonstrate the above characteristics, Figures 1, 2, and 
3 show typical TTL compatible PMOS circuits driving stan- 
dard CMOS with two clamp diodes, TTL compatible PMOS 
driving MM74C903/MM74C904, and the TTL compatible 
PMOS to CMOS system interface, respectively. 


Vcc 
(+5V) 





PUSH-PULL OUTPUT 


lad 
“ 
le 
‘1 


MM74C903/MM74C904 


oft Ae, 
TYPICAL PMOS TTL ml | | 


arn 
| | 


TL/F/6034-2 
FIGURE 2 





NOTE: Vee + Von <17V 
Vee < 15V 


FIGURE 3. PMOS to 


MMS4C903/MM74C903 or 
MM54C904/MM74C904 


TL/F/6034-3 
CMOS or TTL Interface 


2-214 


CMOS TO CMOS OR TTL INTERFACE 


When a CMOS system which is operating at Vcc = 10V 
must provide signals to a CMOS system whose Vcc = 5V, 
a problem similar to that found in PMOS-to-CMOS interface 
occurs. That is, current would flow through the upper input 
diode of the device operating at the lower Vcc. This current 
could be in excess of 10 mA on a typical 74C device, as 
shown in Figure 4. Again, this will cause increased power as 
well as possible four layer diode action. 


Vcc 
(+10V) 


| 


lsqurce = 
> 10 mA (TYP) 





cmos 
@ Vee = 10V 


STD CMOS 
@ Voc * 5V 
TL/F/6034-4 
FIGURE 4 


Vee 
(+5¥) 


cmos 
@ Veg = 10V = 
MM74C901/MM74C902 
@ Vec =5V 


TL/F/6034-5 
FIGURE 5 


Using the MM74CS901 or MM74C3902 will eliminate this prob- 
lem. This occurs simply because these parts are designed 
with the upper diode removed, as shown in Figure 5. With 
this diode removed the current being sourced goes from 
about 10 mA to the leakage current of the reverse biased 
input diode. 

Since the MM74C901 and MM74C902 are capable of driv- 
ing two standard TTL loads with only normal input levels, 
the output can be used to directly drive TTL. With the exam- 
ple shown, the inputs of the MM74C901 are in excess of 5V. 
Therefore, they can drive more than two TTL loads. In this 
case the device would drive four loads with Vin = 10V. If 
the MM74C902 were used, the output drive would not in- 
crease with increased input voltage. This is because the 
gate of the output n-channel device is always being driven 
by an internal inverter whose output equals that of Vcc of 
the device. 


The example used was for systems of Vcc = 10V on one 
system and Vcc = 5V on the second, but the MM74C901 
and MM74C902 are capable of using any combination of 
supplies up to 15V and greater than 3V, as long as Vcc; is 
greater than or equal to Vcc2 and grounds are common. 
Figure 6 diagrams this configuration. 


— \ fmaceareca or 


Note: Voc1 = Voce NMS4C902/MM74C902 


TL/F/6034-6 


FIGURE 6. CMOS to TTL or CMOS at a Lower Voc 
The inputs on these devices are adequately protected with 
the single diode, but, as with all MOS devices, normal care 
in handling should be observed. 
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Section 3 
MM54HC/MM74HC 





Section 3 Contents 


MM54HC00/MM74HCO00 Quad 2-Input NAND Gate 
MM54HC02/MM74HC02 Quad 2-Input NOR Gate 
MM54HC03/MM74HCO03 Quad 2-Input Open Drain NAND Gate 
MM54HC04/MM74HC04 Hex Inverter 

MM54HCU04/MM74HCU04 Hex Inverter 

MM54HC05/MM74HC05 Hex Inverter (Open Drain) 
MM54HC08/MM74HC08 Quad 2-Input AND Gate 
MM54HC10/MM74HC10 Triple 3-Input NAND Gate 
MM54HC11/MM74HC11 Triple 3-Input AND Gate 
MM54HC14/MM74HC14 Hex Inverting Schmitt Trigger 
MM54HC20/MM74HC20 Dual 4-Input NAND Gate 
MM54HC27/MM74HC27 Triple 3-Input NOR Gate 
MM54HC30/MM74HC30 8-Input NAND Gate 
MM54HC32/MM74HC32 Quad 2-Input OR Gate 
MM54HC34/MM74HC34 Non Inverter 

MM54HC42/MM74HC42 BCD-to-Decimal Decoder 
MM54HC51/MM74HC51 Dual AND-OR Invert Gate 
MM54HC58/MM74HC58 Dual AND-OR Gate 
MM54HC73/MM74HC73 Dual J-K Flip-Flops with Clear 
MM54HC74A/MM74HC74A Dual D Flip-Flop with Preset and Clear 
MM54HC75/MM74HC75 4-Bit Bistable Latch with Q and Q Output 
MM54HC76/MM74HC76 Dual J-K Flip-Flops with Preset and Clear 
MM54HC85/MM74HC85 4-Bit Magnitude Comparator 
MM54HC86/MM74HC86 Quad 2-Input Exclusive OR Gate 
MM54HC107/MMHC107 Dual J-K Flip-Flops with Clear 
MM54HC109A/MM74HC109A Dual J-K Flip-Flops with Preset and Clear 
MM54HC112/MM74HC112 Dual J-K Flip-Flops with Preset and Clear 
MM54HC113/MM74HC113 Dual J-K Flip-Flops with Preset 
MM54HC123A/MM74HC123A Dual Retriggerable Monostable Multivibrator 
MM54HC125/MM74HC125 TRI-STATE Quad Buffers 
MM54HC126/MM74HC126 TRI-STATE Quad Buffers 
MM54HC132/MM74HC132 Quad 2-Input NAND Schmitt Trigger 
MM54HC133/MM74HC133 13-Input NAND Gate 
MM54HC137/MM74HC137 3-to-8 Line Decoder with Address Latches (Inverted Output) .... 
MM54HC138/MM74HC138 3-to-8 Line Decoder 
MM54HC139/MM74HC139 Dual 2-to-4 Line Decoder 
MM54HC147/MM74HC147 10-to-4 Line Priority Encoder 
MM54HC148/MM74HC148 8-to-3 Line Priority Encoder 
MM54HC149/MM74HC149 8-to-8 Line Priority Encoder 
MM54HC151/MM74HC151 8-Channel Multiplexer 
MM54HC153/MM74HC153 Dual 4-Input Multiplexer 
MM54HC154/MM74HC154 4-to-16 Line Decoder 
MM54HC155/MM74HC155 Dual 2-to-4 Line Decoders/Demultiplexers 
MM54HC157/MM74HC157 Quad 2-Input Multiplexer 
MM54HC158/MM74HC158 Quad 2-Input Multiplexer (Inverted Output) 
MM54HC160/MM74HC160 Synchronous Decade Counter 
MM54HC161/MM74HC161 Synchronous Binary Counter 
MM54HC162/MM74HC162 Synchronous Decade Counter 


3-3 
3-6 
3-9 
3-12 
3-15 
3-18 
3-21 
3-24 
3-27 
3-30 
3-33 
3-36 
3-39 
3-42 
3-45 
3-48 
3-51 
3-51 
3-54 
3-58 
3-61 
3-64 
3-68 
3-72 
3-75 
3-79 
3-82 
3-86 
3-90 
3-95 
3-95 
3-98 
3-101 
3-104 





Section 3 Contents (continued) 


MM54HC163/MM74HC163 Synchronous Binary Counter 
MM54HC164/MM74HC164 8-Bit Serial-in/Parallel-Out Shift Register 
MM54HC165/MM74HC165 Parallel-In/Serial-Out 8-Bit Shift Register 
MM54HC166/MM74HC166 8-Bit Parallel-In/Serial-Out Shift Registers 
MM54HC173/MM74HC173 TRI-STATE Quad D Flip-Flop 
MM§4HC174/MM74HC174 Hex D Flip-Flops with Clear 
MM54HC175/MM74HC175 Quad D-Type Flip-Flop with Clear 
MM54HC181/MM74HC181 Arithmetic Logic Units/Function Generators 
MM54HC182/MM74HC182 Look-Ahead Carry Generator 
MM54HC190/MM74HC190 Synchronous Decade Up/Down Counters with Mode Control.... 3-182 
MM54HC191/MM74HC191 Synchronous Binary Up/Down Counters with Mode Control 3-182 
MM54HC192/MM74HC192 Synchronous Decade Up/Down Counters 
MM54HC193/MM74HC193 Synchronous Binary Up/Down Counters 
-MM54HC194/MM74HC194 4-Bit Bidirectional Universal Shift Register 
MM54HC195/MM74HC195 4-Bit Parallel Shift Register 
MM54HC221A/MM74HC221A Dual Non-Retriggerable Monostable Multivibrator 
MM54HC237/MM74HC237 3-to-8 Decoder with Address Latches 
MM54HC240/MM74HC240 Inverting Octal TRI-STATE Buffer 
MM54HC241/MM74HC241 Octal TRI-STATE Buffer 
MM54HC242/MM74HC242 Inverting Quad TRI-STATE Transceiver 
MM54HC243/MM74HC243 Quad TRI-STATE Transceiver 


MM54HC251/MM74HC251 8-Channel TRI-STATE Multiplexer 
MM54HC253/MM74HC253 Dual 4-Channel TRI-STATE Multiplexer 
MM54HC257/MM74HC257 Quad 2-Channel TRI-STATE Multiplexer 
MM54HC258/MM74HC258 Quad 2-Channel TRI-STATE Multiplexer 
MM54HC259/MM74HC259 8-Bit Addressable Latch/3-to-8 Line Decoder 
MM54HC266A/MM74HC266A Quad 2-Input Exclusive NOR Gate (Open Drain) 
MM54HC273/MM74HC273 Octal D Flip-Flops with Clear 
MM54HC280/MM74HC280 9-Bit Odd/Even Parity Generator/Checker 
MM54HC283/MM74HC283 4-Bit Binary Adder with Fast Carry 
MM54HC298/MM74HC298 Quad 2-Input Multiplexers with Storage 
MM54HC299/MM74HC299 8-Bit TRI-STATE Universal Shift Register 
MM54HC354/MM74HC354 8-Channel TRI-STATE Multiplexers with Latches 
MM54HC356/MM74HC356 8-Channel TRI-STATE Multiplexers with Latches 
MM54HC365/MM74HC365 Hex TRI-STATE Buffer 

MM54HC366/MM74HC366 Inverting Hex TRI-STATE Buffer 
MM54HC367/MM74HC367 Hex TRI-STATE Buffer 

MM54HC368/MM74HC368 Inverting Hex TRI-STATE Buffer 
MM54HC373/MM74HC373 TRI-STATE Octal D-Type Latch 
MM54HC374/MM/74HC374 TRI-STATE Octal D-Type Flip-Flop 
MM54HC390/MM74HC390 Dual 4-Bit Decade Counter 
MM54HC393/MM74HC393 Dual 4-Bit Binary Counter 
MM54HC423A/MM74HC423A Dual Retriggerable Monostable Multivibrator 
MM54HC521/MM74HC521 8-Bit Magnitude Comparator (Equality Detector) 
MM54HC533/MM74HC533 TRI-STATE Octal D-Type Latch with Inverted Outputs 
MM54HC534/MM74HC534 TRI-STATE Octal D-Type Flip-Flop with Inverted Outputs 
MM54HC540/MM74HC540 Inverting Octal TRI-STATE Buffer 
MM54HC541/MM74HC541 Octal TRI-STATE Buffer 

MM54HC563/MM74HC563 TRI-STATE Octal D-Type Latch with Inverted Outputs 
MM54HC564/MM74HC564 TRI-STATE Octal D-Type Flip-Flop with Inverted Outputs 
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MM54HC573/MM74HC573 TRI-STATE Octal D-Type Latch 
MM54HC574/MM74HC574 TRI-STATE Octal D-Type Edge-Triggered Flip-Flop 
MM54HC589/MM74HC589 8-Bit Shift Register with Input Latches and TRI-STATE Serial 
Output 
MM54HC595/MM74HC595 8-Bit Shift Registers with Output Latches 
MM54HC597/MM74HC597 8-Bit Shift Registers with Input Latches 
MM54HC620/MM74HC620 Inverting Octal TRI-STATE Transceiver 
MM54HC623/MM74HC623 True Octal TRI-STATE Transceiver 
MM54HC640/MM74HC640 Inverting Octal TRI-STATE Transceiver 
MM54HC643/MM74HC643 True-Inverting Octal TRI-STATE Transceiver 
MM54HC646/MM74HC646 Non-Inverting Octal Bus Transceiver/Registers 
MM54HC648/MM74HC648 Inverting Octal Bus Transceiver/Registers 
MM54HC688/MM74HC688 8-Bit Magnitude Comparator (Equality Detector) 
MM54HC4002/MM74HC4002 Dual 4-Input NOR Gate 
MM54HC4016/MM74HC4016 Quad Analog Switch 
MM54HC4017/MM74HC4017 Decade Counter/Divider with 10 Decoded Outputs 
. MM54HC4020/MM74HC4020 14-Stage Binary Counter 
MM54HC4040/MM74HC4040 12-Stage Binary Counter 
MM54HC4046/MM74HC4046 CMOS Phase Lock Loop 
MM54HC4049/MM74HC4049 Hex Inverting Logic Level Down Converter.............-00005 
MM54HC4050/MM74HC4050 Hex Logic Level Down Converter 
MM54HC4051/MM74HC4051 8-Channel Analog Multiplexer 
MM54HC4052/MM74HC4052 Dual 4-Channel Analog Multiplexer 
.MM54HC4053/MM74HC4053 Triple 2-Channel Analog Multiplexer 
MM54HC4060/MM74HC4060 14-Stage Binary Counter 
MM54HC4066/MM74HC4066 Quad Analog Switch 
MM54HC4075/MM74HC4075 Triple 3-Input OR Gate 
MM54HC4078/MM74HC4078 8-Input NOR/OR Gate 
MM54HC4316/MM74HC4316 Quad Analog Switch with Level Translator 
MM54HC4511/MM74HC4511 BCD-to-7 Segment Latch/Decoder/Driver 
MM54HC4514/MM74HC4514 4-to-16 Line Decoder with Latch 
MM54HC4538/MM74HC4538 Dual Retriggerable Monostable Multivibrator 
MM54HC4543/MM74HC4543 BCD-to-7 Segment Latch/Decoder/Driver for 
Liquid Crystal Displays 
MM54HC7266/MM74HC7266 Quad 2-Input Exclusive NOR Gate 
MM74HC942 300 Baud Modem (+ 5, —5 Volt Supply) 
MM74HC943 300 Baud Modem (5 Volt Supply) 





National © 
Semiconductor 


MM54HC00/MM74HCO00 
Quad 2-Input NAND Gate 


General Description Features 

These NAND gates utilize advanced silicon-gate CMOS  ™ Typical propagation delay: 8 ns 
technology to achieve operating speeds similar to LS-TTL m™ Wide power supply range: 2-6V 
gates with the low power consumption of standard CMOS ~— Low quiescent current: 20 4A maximum (74HC Series) 
integrated circuits. All gates have buffered outputs. All de- go Low input current: 1 pA maximum 
vices have high noise immunity and the ability to drive 10g Fanout of 10 LS-TTL loads 
LS-TTL loads. The 54HC/74HC logic family is functionally 

as well as pin-out compatible with the standard 54LS/74LS 

logic family. All inputs are protected from damage due to 

static discharge by internal diode clamps to Vcc and 

ground. 


Connection and Logic Diagrams 


Dual-In-Line Package 


Al BI Y1 A2 B2 Y2 GND 
Top View 
Order Number MM54HC00* or MM74HCO00* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/5292-1 


oe Ds Po oe 


TL/F/5292-2 





OOOHPZWW/00OHPSWIN 


MM54HC00/MM74HC00 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 6 Vv 
Distributors for availability and specifications. 
DC Input or Output Voltage 0 Vcc V 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin. Vout) 
DC input Voltage (V —1.5toVoct1. 
pc on ge (Vin) Tete ect 12 Operating Temp. Range (Ta) 
utput Voltage (Voy) —0.5 to Voc + 0.5V MM74HC ~40 +85 °C 
Clamp Diode Current (lik, lox) +20 mA MMS54HC 55 +4125 °C 
DC Output Current, per pin (IoyT) +25 mA Input Rise or Fall Times 
DC Voc or GND Current, per pin (Icc) +50 mA » (te, te) Vec=2V 1000 ns 
Storage Temperature Range (Tstgq) —65°C to + 150°C Voc=4.5V 500 ns 
Power Dissipation (Pp) Vcoc=6.0V 400 ns 
(Note 3) * 600 mW 
S.O. Package only 500 mW 
Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 






Symbol Parameter 


Ta=25°C ips pais 
Voc A Ta=—40to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


jee 
2.0V 1.5 1.5 1.5 
4.5V 3.15 3.15 3.15 
6.0V 4.2 4.2 4.2 
2.0V 0.5 0.5 
1.35 1.35 
1.8 1.8 


4.5V 

6.0V 

20v| 20] 1.9 1.9 1.9 
45V| 45] 44 4.4 44 
6.0V 5.9 | - 5.9 

4.5V 


6.0 : 
4.2°| 3.98 3.84 

6.0V | 5.7 | 5.48 5.34 

2.0V 0.1 0.1 

4.5V 0.1 0.1 

6.0V 0.1 0.1 











Minimum High Level 
Input Voltage 










Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF ViL 
lout] <20 pA 


















ViN=VIH OF Vit 
llout|<4.0 mA 
lout] <5.2 mA 










Maximum Low Level 
Output Voltage 


Vin=VIH 
lout] <20 pA 








5.9 
3.7 
5.2 
Vin=ViH 
llout|<4.0 mA 4.5V 0.26 0.4 
llout| <5.2 mA 6.0V 0.26 0.4 
Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 +1.0 
Current 
Maximum Quiescent | Vin=Vcc or GND | 6.0V 40 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ““N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Viy and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Viq value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above V1, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 


AC Electrical Characteristics Voc=5v, T,= 25°C, C_=15 pF, t-=t;=6 ns 


Guaranteed 
teHL tpLH Maximum Propagation 
Delay 


AC Electrical Characteristics vc=2.0v to 6.0v, C, =50 pF, t= t= 6 ns (unless otherwise specified) 


a ainests 74HC 54HC 
Parameter Conditions } Vcc ‘ae Ta=—40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 


tpHL tptH | Maximum Propagation : 134 
Delay 


trLH, trH_ =| Maximum Output Rise 
and Fall Time 


Power Dissipation (per gate) 
Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+Icc Vcc. and the no load dynamic current consumption, ls =Cpp Voc f+ Icc- 





OODH?ZW/00DHPSNIN 


MM54HC02/MM74HC02 


National | 
Semiconductor 


MM54HC02/MM74HCO02 Quad 2-Input 


NOR Gate 


General Description 


These NOR gates utilize advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TTL loads. 
The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Connection and Logic Diagrams 


Features 

@ Typical propagation delay: 8 ns 

m@ Wide power supply range: 2-6V 

m Low quiescent supply current: 20 pA maximum 
(74HC Series) 

= Low input current: 1 4A maximum 

@ High output current: 4 mA minimum 


Dual-in-Line Package 


B4 


Al B1 
To 


A4 Y3 


Y2 A2 B2 GND 
p View 


TL/F/5294~1 


Order Number MM54HC02* or MM74HC02* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/5294~2 





Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Veg + 0.5V 
Clamp Diode Current (lik, lox) +20mA 
DC Output Current, per pin (Ioyt) +25mA 
DC Vcc or GND Current, per pin (I¢c) +50 mA 
Storage Temperature Range (TstTaG) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mw 


Lead Temp. (T.) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


Parameter Conditions 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage llout|<20 pA 


llout| <4.0 mA 
llout| <5.2 mA 


Maximum Low Level | Vin=Viy or Vit 
Output Voltage loutl $20 pA 


Vin = Vin oF Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Operating Conditions 
Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 
(Vin, Vout) 

Operating Temp. Range (Ta) 
MM74HC —40 
MM54HC —55 

Input Rise or Fall Times 
(t,t) == Voc=2.0V 

Voc = 4.5V 
Voc = 6.0V 


. 74HC 54HC 
Ta= 25°C Ta= —40 to 85°C Ta= — 55 to 125°C Units 


Guaranteed Limits 


1.5 

ae 3.15 

4.2 4.2 
7 


5 
1.8 


1.9 g 1.9 
4.4 ; 4.4 


5.9 5.9 
3.7 
5.2 


3.98 


0.2 


Maximum Input = 
Current 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vi and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC02/MM74HC02 


AC Electrical Characteristics voc=sv, T,=25°C, C_=15 pF, t-=t=6 ns 


tpt, tpLH Maximum Propagation 
Delay 


AC Electrical Characteristics voc=2.0v to6.ov, C,=50 pF, t,=t;=6 ns (unless otherwise specified) 


eer 74HC 54HC 
Parameter Conditions a Ta=—40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 


tpHt, tpt | Maximum Propagation 113 134 
Delay 23 
19 


ttLH: trH_ | Maximum Output Rise 95 
and Fall Time : 19 


7 


13 16 19 
Power Dissipation (per gate) 
Capacitance (Note 5) 
Maximum Input 10 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ Icoc Vcc, and the no load dynamic current consumption, ls = Cpp Voc f+ Ioc. 





National — 
Semiconductor 


MM54HC03/MM74HCO03 Quad 2-Input 
Open Drain NAND Gate 


General Description Features 


These NAND gates utilize advanced silicon-gate CMOS _™ Typical propagation delay: 12 ns 

technology to achieve operating speeds similar to LS-TTL m Wide power supply range: 2—6V 

gates with the low power consumption of standard CMOS sm Low quiescent current: 20 »A maximum (74HC Series) 
integrated circuits. All gates have buffered outputs. All de- gm Low input current: 1 4A maximum 

vices have high noise immunity and the ability to drive 10 Fanout of 10 LS-TTL loads 

LS-TTL loads. The 54HC/74HC logic family is functionally 

as well as pin-out compatible with the standard 54LS/74LS 

logic family. All inputs are protected from damage due to 

static discharge by internal diode clamps to Vcc and 

ground. 


As with standard 54HC/74HC push-pull outputs there are 
diodes to both Vcc and ground. Therefore the output should 
not be pulled above Vcc as it would be clamped to one 
diode voltage above Vcc. This diode is added to enhance 
electrostatic protection. 


Connection and Logic Diagrams 


Dual-In-Line Package 


Al BI Yi A2 B2 Y2 GND 
Top View 


TL/F/5295-1 


Order Number MM54HC03* or MM74HC03* 


*Please look into Section 8, Appendix D for availability of various package types. 


Voc 


TL/F/5295-2 





COOHPZW/E0OHPSNN 


MM54HC03/MM74HC03 


Absolute Maximum Ratings (notes 1 & 2) 
!f Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Veo + 1.5V 
DC Output Voltage (Vout) —0.5 to Vog + 0.5V 
Clamp Diode Current (Ik; lox) +20mA 
DC Output Current, per pin (loyt) +25 mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 


600 mW 
500 mw 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Parameter Conditions 
Minimum High Level ae 


Input Voltage 
Vin= VIH 


llouTl<20 pA 
RL=e 


Maximum Low Level 
Input Voltage** 


Minimum Low Level 
Output Voltage 


Vin= ViH 
llout| <4.0 mA 
llout] <5.2 mA 


Maximum High Level Vin= Vin or Vic 
Output Leakage Current | Vout=Vcc 
Maximum Input Vin= Vcc or GND 
Current 

Maximum Quiescent Vin= Vcc or GND 
Supply Current louT=0 pA 


Operating Conditions 
Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 
(Vin. Vout) 

Operating Temp. Range (Ta) 
MM74HG —40 
MM54HC —55 

Input Rise or Fall Times 
(t,t)  Voc=2.0V 

Veco =4.5V 
Voc =6.0V 


| tas250 oe 74HC _ 54HC 
ak =—40 to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 


sl ie 
4.2 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic '‘N” package: ~ 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj and Vi, occur at Vcc = 5.5V and 4.5V respectively. (The V\}; value at 5.5V is 3.85V.) The worst case leakage current (in, Icc, and 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY’89. 





AC Electrical Characteristics voc=5v, T,=25°C, C, =15 pF, t,=t;=6 ns 


Guaranteed 
tpzL, tpLz Maximum Propagation RL=1K2 10 20 
Delay 


E0OHPZWA/E0OHPSWN 


AC Electrical Characteristics 
Voc =2.0V to 6.0V, C_ =50 pF, t;=ts=6 ns (unless otherwise specified) 


Parameter Conditions | Vcc Ta=—40to 85°C | Ta=—55 to 125°C 
tpiz, tpz_L | Maximum Propagation = : 2 | 125 
Delay ; 13 x 
: 11 


Maximum Output ; 30 es 
Fall Time : i 

Power Dissipation (per gate) 20 

Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc2 f+ loc Vcc, and the no load dynamic current consumption, Ig =Cpp Voc f+ loc. 
The power dissipated by R, is not included. 








MM54HC04/MM74HC04 


National | 
Semiconductor 


MM54HC04/MM74HC04 Hex Inverter 


General Description 


These inverters utilize advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. 


The MM54HC04/MM74HC04 is a triple buffered inverter. It 
has high noise immunity and the ability to drive 10 LS-TTL 
loads. The 54HC/74HC logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Connection and Logic Diagrams 


Features 

@ Typical propagation delay: 8 ns 

@ Fan out of 10 LS-TTL loads 

m Quiescent power. consumption: 10 »W maximum at 
room temperature 

@ Low input current: 1 pA maximum 


Dual-In-Line Package 


TL/F/5069-1 


Top View 


Order Number MM54HC04* or MM74HC04* 


*Please look into Section 8, Appendix D for availability of various package types. 


1 of 6 Inverters 


a o—>o—_o—_ o—o 


TL/F/5069-2 





Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (lik, lox) +20mA 
DC Output Current, per pin (Iout) +25 mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tstc) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T_) 

(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 
Parameter 


2.0V 
4.5V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Output Voltage 


Vin=ViL 
llout| <20 pA 2.0V 
4.5V 


6.0V 


Vin= Vit 
lloutl $4.0mA 
llout| <5.2 mA 


4.5V 
6.0V 


Maximum Low Level 
Output Voltage 


Vin= Vin 
llout|<20 pA 2.0V 
4.5V 


6.0V 
Vin=ViH 
lloutl <4.0 mA 
llout| <5. 2mA 


Conditions 


‘ 74HC 54HC 
— 25°C | t,=—40t0 85°C | Ta=—55 to 125°C 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage © 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t)  Vec=2.0V 
Voc =4.5V 
Voc =6.0V 


Units 
Guaranteed Limits 


4.5V 0.26 
6.0V 0.26 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 

Supply Current lour=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic "J" package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi, occur at Vc¢ = 5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (Ijn, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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PODHPZW/POOHPSIAW 


MM54HC04/MM74HC04 


AC Electrical Characteristics voc=5v, T,=25°C, C, = 15 pF, t-=t;=6 ns 


Guaranteed 
| simbot | Parameter | conations | Tye Limit vats | 
tpHL, tepLH Maximum Propagation 
Delay 


AC Electrical Characteristics v.c=2.0v to 6.0Vv, C, =50 pF, t;=t}=6 ns (unless otherwise specified) 


T.=25°C 74HC 54HC 
Parameter a a —40to 85°C | Ta=—55to 125°C 
| = GuaranteedLimits Limits 
tpHt, tpLy | Maximum Propagation eo ie: 
Delay z 11 
: 9 


truH,. trHL | Maximum Output Rise x 30 : - 
and Fall Time : ° : 
, 16 rs 
Power Dissipation (per gate) 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+ Ioc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc- 





National - 
Semiconductor 


MM54HCU04/MM74HCU04 Hex Inverter 


General Description 


These inverters utilize advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. 

The MM54HCU04/MM74HCU04 is an unbuffered inverter. 
It has high noise immunity and the ability to drive 15 LS-TTL 
loads. The 54HCU/74HCU logic family is functionally as 
well as pin-out compatible with the standard 54LS/74LS 


Connection and Schematic Diagrams 


logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to Vcc and 
ground. 


Features 
m™ Typical propagation delay: 7 ns 
gw Fanout of 15 LS-TTL loads 


@ Quiescent power consumption: 10 »A maximum at 
room temperature 


@ Low input current: 1 »A maximum 


Dual-In-Line Package 


TL/F/5296-1 


Top View 


Order Number MM54HCU04* or MM74HCU04* 
*Please look into Section 8, Appendix D for availability of various package types. 


Vec 


TL/F/5296-2 
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PONOHPZWIN/PONOHPSWN 


MM54HCU04/MM74HCU04 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vix) ~—1.5 to Veo t+ 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ii, lox) +20mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (loc) +50 mA 
Storage Temperature Range (Tstc) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only ~ 500 mw 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Parameter Conditions 


Minimum High Level 


Maximum Low Level 
Input Voltage 


Minimum High Level |} Vin=Vir 
Output Voltage lloutl< 20 pA 


Vin=GND 
llourl <4.0 mA 
llout| <5.2 mA 


Maximum Low Level | Vin=Vin 
Output Voltage llout| <20 pA 


Vin= Voc 
llout| $6.0 mA 
llout| <7.8 mA 


Maximum Input Vin=Vcoc or GND | 6.0V 
Current 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin: Vout) . 
Operating Temp. Range (Ta) 
MM74HCU —40 
MM54HCU —55 


Guaranteed Limits 


1.7 
3.6 
4.8 


Maximum Quiescent | Vin=Vcc or GND | 6.0V 
Supply Current loyT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


40 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic "J" package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj; value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics voc=5v, T,=25°C, C, =15 pF, t-=t;=6 ns 


Guaranteed 
tpHL, tpLH Maximum Propagation 7 
Delay 


AC Electrical Characteristics v.c=2.0v to6.0v, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


Ts=25°C ‘74HCU 54HCU 
Parameter Conditions a —40 to 85°C | Ta=—55 to 125°C 


tpHL, tpLy | Maximum Propagation te 
Delay : 9.9 
8.4 


triy. trHL | Maximum Output Rise . 30 
and Fall Time : 


82 
16 
14 


75 
i. 


Guaranteed Limits 


103 
21 
18 


95 
Hf 


Power Dissipation (per gate) 
Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+Icc Vcc, and the no load dynamic current consumption, Is = Cpp Vcc f+ Icc. 


Typical Applications 


R2=10Ma 


a 


FIGURE 1. Crystal Oscillator 


a 


Vout 
TL/F/5296-3 


Ry 


FIGURE 3. Schmitt Trigger 
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FIGURE 2. Stable RC Oscillator 


TL/F/5296-5 


TL/F/5296-4 





pONOHPZWW/PONDHPSWIN 


MM54HC05/MM74HC05 


National | 
Semiconductor 


MM54HC05/MM74HC05 
Hex Inverter (Open Drain) 


General Description 


The MM54HC05/MM74HCO05 are logic functions fabricated 
by using advanced silicon-gate CMOS technology, which 
provides the inherent benefits of CMOS—low quiescent 
power and wide power supply range. These devices are 
also functionally and pin-out compatible with standard 
DM54LS/DM74LS_ logic families. The MM54HC05/ 
MM74HCO5 open drain Hex Inverter requires the addition of 
an external resistor to perform a wire-NOR function. 


All inputs are protected from static discharge damage by 
internal diodes to Vcc and ground. 


Connection Diagram 


Features 
m Open drain for wire-NOR function 
@ Fanout of 10 LS-TTL loads 
@ Typical propagation delays: 
tpz_ (with 1 kf resistor) 8 ns 
tp_z (with 1k, resistor) 13 ns 
w Low input current: 1 wA maximum 


Dual-In-Line Package 


Y1 A2 


v2 A3 Y3 TL/F/9388~1 


Top View 
Order Number MM54HCO05* or MM74HC05* 


*Please look into Section 8, Appendix D for availability of various package types. 


Logic Diagram 


ro outeer 
weut—>o—f>o-| 


TL/F/9388-2 


Typical Application 


TL/F/9388-3 


Note: Can be extended to more than 2 inputs. 





Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5V to +7.0V (Vin: Vout) 


DC Input Voltage (Vin) —1.5V to Voc + 1.5V re ea Range (Tay ‘ 


DC Output Voltage (Voqut) —0.5V to Veo + 0.5V MM54HG —55 
Clamp Diode Current (|x, lox) +20mA Input Rise or Fall Times 
DC Output Current, per pin (oy) +25mA (tr, t) Voc = 2.0V 
: Voc = 4.5V 

DC Voc or GND Current, per pin (Ioc) +50 mA Voc = 6.0V 
Storage Temperature Range (Tsta) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.0. Package only 500 mW 
Lead Temperature (T,) 

(Soldering 10 seconds) 260°C 


SOOH?ZWW/SOOHPSNN 


DC Electrical Characteristics (note 4) 


nn 74HC 54HC 
Parameter ad as A Ta=—40°C to +85°C | Ta= —55°C to + 125°C | Units 
Guaranteed Limits 


Minimum High Level eu 1.5 
Input Voltage 4.5V 3.15 
6.0V 4.2 


Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 
6.0V 1.8 


Maximum Low Level Vin=VIH 
Output Voltage lloyt| <20 pA 2.0V 0.1 


6.0V 


0.1 0.1 
Vin=ViH 
llout|<4.0mA | 4.5V] 0.2 | 0.26 : ; 
llour}s5.2mA | 6.0V} 0.2 | 0.26 : 0.4 
Maximum High Level Vin= Vin OF Vit 6.0V 10 
Output Leakage Current | Vout = Vcc 
Maximum Input Vin= Vcc or GND | 6.0V +04 +41.0 +1.0 
Current 
Maximum Quiescent Vin= Vcc or GND | 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic 'N" package: - 12 mW/*C from 65°C to 85°C; ceramic "J" package: ~ 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy and Vo_) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case ViH and V\_ occur at Vcc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current 
(tins loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 





MM54HC05/MM74HC05 


AC Electrical Characteristics voco=5v, Ta=25°C, C.=15 pF, t,=t=6 ns 


Parameter Guaranteed 
Limit 


Maximum Propagation Delay RL=1k0 oe 


AC Electrical Characteristics voc=2.0v to6.ov, C,=50 pF, t= t;=6 ns unless otherwise specified 


Rica 74HC 54HC 
Parameter A Ta=—40°C to + 85°C | Ta= —55°C to + 125°C | Units 
Guaranteed Limits 


Maximum Propagation 
Delay 


Maximum Propagation 
Delay 


Maximum Output 
Fall Time 


Power Dissipation (per gate) 

Capacitance (Note 5) 

Maximum Input 

Capacitance 
Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ Icc. 
The power dissipated by R, is not included. 
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National | 
Semiconductor 


MM54HC08/MM74HCO08 
Quad 2-Input AND Gate 


General Description 


These AND gates utilize advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. The HCO8 has buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TTL loads. 
The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Voc and ground. 


Connection Diagram 


Features 

m™ Typical propagation delay: 7 ns (tpHL), 12 ns (tpi) 

m@ Fanout of 10 LS-TTL loads 

@ Quiescent power consumption: 2 A maximum at room 
temperature 

@ Low input current: 1 wA maximum 


Dual-In-Line Package 


Vcc A4 


Y4 


B3 


TL/F/5297~1 


Top View 


Order Number MM54HC08 or MM74HCO08 


*Please look into Section 8, Appendix D for availability of various package types. 
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80DHPZWIN/SODHPSINW 


Absolute Maximum Ratings (notes 1 & 2) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


MM54HC08/MM74HC08 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I)k, lox) 

DC Output Current, per pin (IouT) 

DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (Tstq) 


—0.5 to +7.0V 
—1.5 to Voc + 1.5V 
—0.5 to Veco + 0.5V 

+20 mA 
+25mA 
+50 mA 
—65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 


Output Voltage llout|<20 pA 


llout| <4.0 mA 
llour| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin oF Vit 
lout] <20 pA 


Vin= Vin Or Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Vin= Voc or GND 


Maximum Input 
Current 


0.2 
0.2 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,, ts) Vec=2.0V 
Voc=4.5V 
Voc =6.0V 


—40 
—55 


74HC 54HC 
= —40 to 85°C | Ta=—55 to 125°C 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 
5.9 


1.9 
4.4 


5.9 
3.7 
5.2 
0.1 
0.1 


5.9 


3.98 


: 3.84 
5.48 : 


5.34 


0.1 0.1 
0.1 0.1 
0.1 0.1 





0.1 
0.26 0.33 0.4 
0.26 0.33 0.4 

: ‘ 


Maximum Quiescent | Vin=VccorGND | 6.0V 2.0 20 40 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi, occur at Vcc = 5.5V and 4.5V respectively. (The V\y value at 5.5V is 3.85V.) The worst case leakage current (li, Icc, and 


!oz) occur for CMOS at the higher voltage and so the 6.0V values should be 


used, 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voo=5v, T,=25°C, C= 15 pF, t,=t;=6 ns 
parameter Guaranteed 
Limit 
tpHL Maximum Propagation 
Delay, Output High to Low 


tPLH Maximum Propagation 
Delay, Output Low to High 


12a 74HC 54HC 
Parameter Vec a -40 to 85°C | Ta= —55 to 125°C 
Guaranteed Limits 


Maximum Propagation : He 121 151 175 
Delay, Output High to Low : 15 30 

13 25 
Maximum Propagation : 30 113 


Delay, Output . 10 23 
Low to High . 8 19 


trLH. trH_ | Maximum Output Rise : 30 95 
and Fall Time : 2 


Power Dissipation (per gate) 38 
Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Vcc, and the no load dynamic current consumption, Is = Cpp Voc f+ Icc. 
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MM54HC10/MM74HC10 


National — 
Semiconductor 


MM54HC10/MM74HC10 
Triple 3-Input NAND Gate 


General Description Features 

These NAND gates utilize advanced silicon-gate CMOS _™ Typical propagation delay: 8 ns 
technology to achieve operating speeds similar to LS-TTL mm Wide power supply range: 2-6V 
gates with the low power consumption of standard CMOS sm Low quiescent current: 20 A maximum (74HC Series) 
integrated circuits. All gates have buffered outputs. Allde- = Low input current: 1 ~A maximum 
vices have high noise immunity and the ability to drive 10 = Fanout of 10 LS-TTL loads 
LS-TTL loads. The 54HC/74HC logic family is functionally 

as well as pin-out compatible with the standard 54LS/74LS 

logic family. All inputs are protected from damage due to 

static discharge by internal diode clamps to Voc and 

ground. 


Connection and Logic Diagrams 


Dual-In-Line Package 


TL/F/5153-1 
Top View 


Order Number MM54HC10* or MM74HC10* 


*Please look into Section 8, Appendix D for availability of various package types. 


Y=ABC 


TL/F/5153-2 
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= 
Absolute Maximum Ratings (notes1a2) | Operating Conditions = 
if Military/Aerospace specified devices are required, Min Max Units = 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 6 Vv .) 
Distributors for availability and specifications. oS 
DC Input or Output Voltage 0 Voc V = 
Supply Voltage (Vcc) —0.5 to +7.0V Ving Your) = 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V , = 
DC Output Voltage (VouT) —0.5 to Veco + 0.5V Sberaune Temp: Benge ta) S 
: , . MM74HC —40 +85 °C I 
Clamp Diode Current (Ink, lox) +20mA MMS54HC _55 44125 6 ro) 
DC Output Current, per pin (lout) +25mA Input Rise or Fall Times oS 
DC Vcc or GND Current, per pin (Ioc) +50mA (tt)  Vec=2.0V 1000 ns 
Storage Temperature Range (Tsjq) —65°C to + 150°C Voec=4.5V 500 ns 
Power Dissipation (Pp) Vcc =6.0V 400 ns 
(Note 3) 600 mW 
S.O. Package only 500 mW 
Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 













Parameter 


T,=25°C 74HC 54HC 
Voc és Ta=—40 to 85°C | Ta=—55to 125°C | Units 
Typ Guaranteed Limits 
Vin Minimum High Level 2.0V 
Input Voltage 4.5V 
6.0V 


Symbol 





1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 












VIL Maximum Low Level 2.0V 0.5 0.5 0.5 
Input Voltage** 4.5V 1.35 1.35 1.35 
6.0V 1.8 1.8 1.8 










Minimum High Level 
Output Voltage 


Vin = Vin oF Vit 
llout] $20 pA 


VOH 








2.0V | 2.0 1.9 1.9 1.9 
45V | 4.5 4.4 4.4 4.4 
6.0V | 6.0 5.9 


5.9 5.9 
45V { 4.2 | 3.98 3.84 3.7 
6.0V | 5.7 5.48 5.34 5.2 










Vin = Vin oF Vit 
lloutl|<4.0 mA 
llout| <5.2 mA 











Maximum Low Level | Vin=Vin 





Output Voltage llgut|<20 pA 2.0V 0.1 0.1 0.1 Vv 
4.5V 0.1 0.1 0.1 Vv 
6.0V Vv 













0.1 


0.1 4 
Vin=ViH 
llout| <4.0 mA 4.5V | 0.2 | 0.26 0.33 4 
lloyt|<5.2 mA 6.0V | 0.2 | 0.26 0.33 4 

40 





0 

0 

0 
Maximum Input Vin=Vcc or GND | 6.0V £0.1 +1.0 £1.0 
Current 
Maximum Quiescent | Viyn=VcocorGND | 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N" package: — 12 mW/°C from 65°C to 85°C; ceramic ‘“‘U” package: —12 mW/C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and VoL) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi, occur at Vcc =5.5V and 4.5V respectively. (The Vj, value at 5.5V is 3.85V.) The worst case leakage current (In, Icc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vic limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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MM54HC10/MM74HC10 


AC Electrical Characteristics voc=5v, Ta=25°C, C.=15 pF, t-=t}=6 ns 


tpHL, tpLH Maximum Propagation 
Delay 


AC Electrical Characteristics voc=2.0v to6.0Vv, C, =50 pF, t= t}=6 ns (unless otherwise specified) 


prague 74HC 54HC 
Parameter a Ta=—40to 85°C | Ta=—55to 125°C 
Guaranteed Limits 


teHL, tpLH | Maximum Propagation 134 
Delay 


tttH: trHL | Maximum Output Rise 
and Fall Time 


Power Dissipation (per gate) 
Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ loc. 
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National | 
Semiconductor 


MM54HC11/MM74HC11 
Triple 3-Input AND Gate 


General Description Features 


These AND gates utilize advanced silicon-gate CMOS tech- ™ Typical propagation delay: 12 ns 

nology to achieve operating speeds similar to LS-TTL gates mm Wide power supply range: 2-6V 

with the low power consumption of standard CMOS inte- ™ Low quiescent current: 20 pA maximum (74HC Series) 
grated circuits. All gates have buffered outputs, providing —™ Low input current: 1 yA maximum 

high noise immunity and the ability to drive 10 LS-TTL loads. : 

The 54HC/74HC logic family is functionally as well as pin- a Harouv eh dens eads 

out compatible with the standard 54LS/74LS logic family. 

All inputs are protected from damage due to static dis- 

charge by internal diode clamps to Vcc and ground. 


Connection and Logic Diagrams 


Dual-In-Line Package 


Al B1 A2 B2 c2 Y2 
TL/F/5298-1 


Top View 
Order Number MM54HC11* or MM74HC11* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/5298-2 
(1 OF 3 GATES) 





LLOHPZIAIN/ | LOHPSININ 


MM54HC11/MM74HC11 


Absolute Maximum Ratings (Notes 1 @ 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vij) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ik, lox) +20 mA 
DC Output Current, per pin (IoytT) +25mA 
DC Voc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


~ 600 mw 
500 mw 


260°C 


DC Electrical Characteristics (Note 4) 
Parameter 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vi 
llout]<20 pA 2.0V 
4.5V 


6.0V 
ViN= Vi 
llout| <4.0 mA 
llout|<5.2 mA 


4.5V 
6.0V 


Maximum Low Level 
Output Voltage 


Vin = Vin OF ViL 
llgut|<20 pA 2.0V 
4.5V 


6.0V 
Vin= Vin oF ViL 
llout| <4.0 mA 
llout| <5.2 mA 


aS ae 74HC 54HC 
As =-—40to 85°C | Ta=—55 to 125°C 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HG 
MM54HC 
Input Rise or Fall Times 
(tt)  Vcoc=2.0V 
Vec=4.5V 
Voc=6.0V 


Units 
Guaranteed Limits 
1.5 


3.15 
4.2 


0.5 
1.35 
1.8 


1.5 


1.9 
4.4 
5.9 


3.84 
5.34 


0.1 
. a 


4.5V 0.26 0.4 
6.0V 0.26 0.4 


Maximum Input Vin=Vcc or GND | 6.0V +£0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 2.0 40 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V)4 and Vj, occur at Voc =5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj. specification (30% of Voc) will be implemented no later than Q1, CY'89. 
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AC Electrical Characteristics vcoc=5v, Ta =25°C, C, = 15 pF, t-=t;=6 ns 


Guaranteed 
ss parameter | conatons | tye Limit vats | 
tpHt, tpLH Maximum Propagation 
Delay 


LLOH?PZW/LLOHPSWN 


AC Electrical Characteristics 
Voc =2.0V to 6.0V, C_ =50 pF, t-=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Vec x Ta=—40to 85°C | Ta= —55 to 125°C 
Guaranteed Limits 


tpHL, tp_H | Maximum Propagation . 48 156 
Delay : 18 31 
15 27 


Power Dissipation (per gate) 35 
Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+Icc Vcc, and the no load dynamic current consumption, !s = Cpp Vcc f+ Icc. 





ttLH, tru | Maximum Output Rise : 30 95 
and Fall Time : LC 
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MM54HC14/MM74HC14 


National 
Semiconductor 


MM54HC14/MM74HC14 


Hex Inverting Schmitt Trigger 


General Description 


The MM54HC14/MM74HC14 utilizes advanced silicon-gate 
CMOS technology to achieve the low power dissipation and 
high noise immunity of standard CMOS, as well as the capa- 
bility to drive 10 LS-TTL loads. 

The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Connection and Schematic Diagrams 


Features 

m@ Typical propagation delay: 13 ns 

m Wide power supply range: 2-6V 

m Low quiescent current: 20 nA maximum (74HC Series) 
m@ Low input current: 1 wA maximum 

mg Fanout of 10 LS-TTL loads 

m Typical hysteresis voltage: 0.9V at Voc =4.5V 


Dual-In-Line Package 


TL/F/5105-1 


Top View 
Order Number MM54HC 14* or MM74HC14* 


*Please look into Section 8, Appendix D for availability of various package types. 


Vec 


, Voc Vcc 
, ) | 
Vec = — 


3-30 


TL/F/5105-2 





Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vij) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Veco + 0.5V 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


Operating Conditions 


600 mW 
500 mW 


260°C 


Min 
Supply Voltage (Vcc) 2 6 
DC Input or Output Voltage Vec 
(Vin, VouT) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 


Clamp Diode Current (IK, lox) +20 mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (Ic) +50 mA 
Storage Temperature Range (Tstg) ~—65°C to + 150°C 


PLOHPZWIN/PLOHPSWW 


—40 
—55 


+85 
+125 


DC Electrical Characteristics (note 4) 


Ta=25°C ies pone 
Voc A Ta=—40 to 85°C | Ta=—55to 125°C | Units 


Symbol Parameter 


Typ Guaranteed Limits 


2.0V | 1.2 
4.5V | 2.7 
6.0V | 3.2 
2.0V 
4.5V 


Positive Going 
Threshold Voltage 


VT+ 


Negative Going 
Threshold Voltage 


Hysteresis Voltage 


Minimum 


<<<jcccj<cccjcccjpccciccc 


Maximum 


Vin= VIL 
llout|=20 pA 


Minimum High Level 
Output Voltage 





<<< 


Vin= Vit 
llout| = 4.0 mA 
lloutl=5.2 mA 
Vin=VIH 
llour| = 20 pA 


<< 


Maximum Low Level 
Output Voltage 





<<< 





Maximum Input Vin=Vcc or GND | 6.0V 
Current 


Maximum Quiescent | Vin=Vcc or GND ; 
Supply Current louT=0 pA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vjy and Vi, occur at Vcc = 5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, 
Ioc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


@ oR [DAN 
oO oun ono 
< << <<< 
29° 
Nh Po 
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MM54HC 14/MM74HC14 


AC Electrical Characteristics voc=5v, T,=25°C, C,=15 pF, t=t;=6 ns 


Symbol | __—Parameter_—|_—Conditions_ | Typ _| Guaranteed Limit__| Units 
teuustery | MaximumPropagationDely [| | 12 | ets 


Maximum Output Rise 
and Fall Time 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+loc Voc, and the no load dynamic current consumption, Ig = 
Cpp Vcc f+Icc. 


Typical Performance Characteristics 


Input Threshold, V7, Vr_, Propagation Delay vs 
vs Power Supply Voltage a Power Supply 


> 

rf z 
z 4 
S a 
3 z 
n — 
5 
= = 
] & 
= 


0 
20 30. 46 5.0 : ; 30 40 5.0 
POWER SUPPLY VOLTAGE (¥) POWER SUPPLY VOLTAGE (V) 
TL/F/5105-3 TL/F/5105~4 
Typical Applications 
Low Power Oscillator 


R 


Vin Vout 
MM54014/MM74C14 


ar. 


Vt+ 
=RCin—— 
ty Myre 


TL/F/5105-5 


Voo—Vr- 
to=RC in —————— 

Be Veo-Vt+ 
a in 
ani, VttWVoo—Vr-) 
RC ih 
Vr- Veo—Vt+) 


Note: The equations assume ty + t2>> togo + tpai TL/F/5105-6 





National © 
Semiconductor 


MM54HC20/MM74HC20 
Dual 4-iInput NAND Gate 


General Description 


These NAND gates utilize advanced silicon-gate CMOS 
technology to achieve operating speeds similar to LS-TTL 
gates with the low power consumption of standard CMOS 
integrated circuits. All gates have buffered outputs. All de- 
vices have high noise immunity and the ability to drive 10 
LS-TTL loads. The 54HC/74HC logic family is functionally 
as well as pin-out compatible with the standard 54LS/74LS 
logic family. All inputs are protected from damage due to 
Static discharge by internal diode clamps to Vcc and 
ground. 


Connection and Logic Diagrams 


Features 

™ Typical propagation delay: 8 ns 

m@ Wide power supply range: 2-6V 

m Low quiescent current: 20 »A maximum (74HC Series) 
@ Low input current: 1 uA maximum 

@ Fanout of 10 LS-TTL loads 


Dual-In-Line Package 


Al BI NC 


TL/F/5299-1 


Top View 


Order Number MM54HC20* or MM74HC20* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/5299-2 
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OCOHPZNW/0ZOHPSNA 


MM54HC20/MM74HC20 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Volt V =1. +1. 
put Voltage (VIN) Pete Neca tev Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Veo + 0.5V MM74HG 
Clamp Diode Current (lik, lox) +20mA MMS4HC 
DC Output Current, per pin (lout) +25mA Input Rise or Fall Times 
DC Vcc or GND Current, per pin (Icc) +50 mA (t,t) Voc=2.0V 
Storage Temperature Range (Tsta) —65°C to + 150°C Voc=4.5V 
Power Dissipation (Pp) Vcc =6.0V 

(Note 3) 600 mw 

S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Input or Output Voltage 
(Vins VouT) 


DC Electrical Characteristics (note 4) 


Parameter 
Guaranteed Limits 


Minimum High Level . 1.5 
Input Voltage : 3.15 
4.2 


Maximum Low Level 
Input Voltage** 


Minimum High Level | Vin=Vjx or Vi 
Output Voltage llout| <20 pA 


Vin= ViH OF ViL 
lout! <4.0 mA 
llour| <5.2 mA 


Maximum Low Level | Vin= Vin 
Output Voltage lloyt| <20 pA 


Vin=ViIH 
llout| <4.0 mA 
llout| <5.2 mA 


Maximum Input Vin=Vcoc or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VcocorGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘“‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “JU” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Voy) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, 
lec, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc=5v, T= 25°C, C, =15 pF, t-=t;=6 ns 


Guaranteed 
sl | __parmeter | conatons | tye Limit uns | 
tpHL, tpi Maximum Propagation 
Delay 


AC Electrical Characteristics Voc = 2.0V to 6.0V, C;, =50 pF, t,= ty=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Vec s Ta=—40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 


tpHL, tpLH | Maximum Propagation 113 
Delay 23 
19 


tTLH. tru | Maximum Output Rise 95 
and Fall Time 19 
7 


13 16 19 
Power Dissipation (per gate) 
Capacitance (Note 5) 
Maximum Input 10 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+Icc- 
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OZOHPZW/OZOHPSAIN 


MM54HC27/MM74HC27 


National © | 
Semiconductor 


MM54HC27/MM74HC27 
Triple 3-Input NOR Gate 


General Description Features 

These NOR gates utilize advanced silicon-gate CMOS tech- 8 Typical propagation delay: 8 ns 

nology, to achieve operating speeds similar to LS-TTL gates = Wide operating supply voltage range: 2-6V 
with the low power consumption of standard CMOS inte- @ Low input current: < 1 pA 

grated circuits. All gates have buffered outputs, providing = | ow quiescent supply current: 20 pA maximum 
high noise immunity and the ability to drive 10 LS-TTL loads. (74HC Series) 

The 54HC/74HC logic family is functionally as well as pin- ‘ 

out compatible with the standard 54LS/74LS logic family. mc rangut ote Peer ti:loave 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Voc and ground. 


Connection and Logic Diagrams 


Dual-In-Line Package 


Al B1 A2 B2 C2 Y2 GND 
Top View 
Order Number MM54HC27* or MM74HC27* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/5300-1 


TL/F/5300-2 





Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availabillty and specifications. 


Supply Voltage (Vcc) 
DC Input Voltage (Vin) 
DC Output Voltage (Vout) 
Clamp Diode Current (lik, lox) 
DC Output Current, per pin (lout) 
DC Vcc or GND Current, per pin (icc) 
Storage Temperature Range (Tstc) 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Veg + 1.5V 
—0.5 to Voc + 0.5V 

+20 mA 
+25mA 
+50 mA 
—65°C to + 150°C 


600 mw 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


lloutl S20 pA 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Vin= VIL 


llout| <4.0 mA 
lloyt|<5.2 mA 


Maximum Low Level 
Output Voltage 


4.5V 
6.0V 


Vin= Vin oF Vit 
llouTl<20 pA 


2.0V 
4.5V 
6.0V 


Vin= Vin or Vit 


lout] <4.0 mA 
llout|<5.2 mA 


Vin= Vcc or GND 


Maximum Input 
Current 


4.5V 
6.0V 


6.0V 


0.1 
Maximum Quiescent | Vijn=VccorGND | 6.0V 
Supply Current louT=9 pA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin.Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Veco=2.0V 
Voc= 4.5V 
Vcc =6.0V 


—40 
—55 


Guaranteed Limits 


1.5 
3.15 
4.2 
0.5 
1.35 
1.8 


1.9 
4.4 4.4 
5.9 5.9 


3.98 
5.48 


3.84 
5.34 


0.1 0.1 
0.1 0.1 
0.1 


0.26 
0.26 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj4 and V; occur at Voc =5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, Icc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Viz limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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LeOHPZWWW/ZZOHPSIW 


MM54HC27/MM74HC27 


AC Electrical Characteristics voc=5v, Ta=25°C, C, =15 pF, t= =6 ns 


tpHt, tpLy | Maximum Propagation 
Delay 


AC Electrical Characteristics vcc¢=2.0v to 6.0v, Cc, =50 pF, t;= ty=6 ns (unless otherwise specified) 


74HC 54HC 
Parameter Conditions Ta=—40to 85°C | Ta=—55to 125°C 
Guaranteed Limits 
tpHt, tpLH | Maximum Propagation 2.0V 
Delay 4.5V 
6.0V 


triy, trHL | Maximum Output Rise 2.0V 
and FaliTime 4.5V 
6.0V 
Power Dissipation (per gate) 
Capacitance (Note 5) 
Maximum !nput . 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+ Iec Voc, and the no load dynamic current consumption, lg =Cpp Voc f+Icc. 
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National 
Semiconductor 


MM54HC30/MM74HC30 8-Input NAND Gate 


General Description 


This NAND gate utilizes advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. This device has high noise immunity and the 
ability to drive 10 LS-TTL loads. The 54HC/74HC logic fami- 
ly is functionally as well as pin-out compatible with the stan- 
dard 54LS/74LS logic family. All inputs are protected from 
damage due to static discharge by internal diode clamps to 
Vcc and ground. 


Connection and Logic Diagrams . 


Features 

@ Typical propagation delay: 20 ns 

™ Wide power supply range: 2-6V 

m Low quiescent current: 20 nA maximum (74HC Series) 
@ Low input current: 1 wA maximum 

mw Fanout of 10 LS-TTL loads 


Dual-In-Line Package . 


H 


To 


; TL/F/5133=1 
p View 


Order Number MM54HC30* or MM74HC30* 


*Please look into Section 8, Appendix D for availability of various package types. 


Y= ABCDEFGH 


TL/F/5133~2 
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Of€DHPZWW/OfDHPSWAN 


MM54HC30/MM74HC30 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vij) ~1.5 to Voct+ 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Icp) +20 mA 
DC Output Current, per pin (Ioyt) +25mA 
DC Vcc or GND Current, per pin (icc) +50 mA 
Storage Temperature Range (Tsjq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering, 10 seconds) 


600 mW 
500 mw 


260°C 


DC Electrical Characteristics (note 4) 


Parameter Conditions 


Minimum High Level Input 
Voltage 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output 
Voltage 


Vin = Vin oF Vit 
llouT|<20 1A 


Vin= Vin OF ViL 
llourl <4.0mA 
llout| <5.2 mA 


Vin=VIH 
lloutl S20 pA 


Maximum Low Level Output 
Voltage 


Vin= Vin 
lloutls4 mA 
lloyt] $5.2 mA 


Operating Conditions 
Min 
DC Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin: Vout) 


Operating Temp. Range (Ta) 
MM74HG 
MM54HC 


Input Rise/Fall Times 
Vcc =2.0V 

‘Voc =4.5V 
Voc =6.0V 


(tr, t) 


| Ta=28¢ | 25°C 


pe ae 54HC 
pe ae —40 to 85°C | Ta= —55 to 125°C 


Units 


| Typ | Guaranteed Limits 


Be 5 
4.2 


A 


Maximum Input Current___| Vin=Vog or GND jeov] [son[ sso [sta 


Maximum Quiescent Supply | Vin=Vcc or GND | 6.0V 
Current louT=0 pA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo;) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj} and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vy value at 5.5V is 3.85V.) The worst case leakage current (I\n, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi. limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcoc=5v, T,= 25°C, C_=15 pF, t=t;=6 ns 


Maximum Propagation Deay| 


AC Electrical Characteristics v.,=2.0vto6.ov, c, =50 pF, t= t= 6tns (unless otherwise specitied) 


T.=25° c 74HC 54HC 
Parameter Conditions An Ta=—40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 
tpHL tpLH | Maximum Propagation : ie 160 VA 
Delay : 23 
: 18 
tri. trH_ | Maximum Output : 30 oe 
Rise and Fall z is 
Time 16 - 
Power Dissipation 34 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ !cc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ loc. 
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MM54HC32/MM74HC32 


National 
Semiconductor 


MM54HC32/MM74HC32 
Quad 2-Input OR Gate 


General Description 


These OR gates utilize advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TTL loads. 
The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Connection and Logic Diagrams 


Features 

@ Typical propagation delay: 10 ns 

@ Wide power supply range: 2-6V 

mw Low quiescent current: 20 wA maximum (74HC Series) 
@ Low input current: 1 4A maximum 

m@ Fanout of 10 LS-TTL loads 


Dual-In-Line Package 


Vcc 64 A4 


Al B1 Y1 


B3 A3 Y3 


TL/F/5132-1 


Top View 


Order Number MM54HC32* or MM74HC32* 


*Please look into Section 8, Appendix D for availability of various package types. 


Y=A+B 


TL/F/5132-2 


(1 of 4) 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vij) —1.5 to Veco + 1.5V 
DC Output Voltage (Voy) —0.5 to Voc + 0.5V 
Clamp Diode Current (I), lox) +20 mA 
DC Output Current, per pin (Iout) +25 mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Conditions 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lloutl $20 pA 


Vin=Vin OF Vi 
llout|<4.0 mA 
llout|<5.2 mA 


Vin= Vit 
lout] <20 pA 


Maximum Low Level 
Output Voltage 


Vin= Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin. Vout) 


Operating Temp. Range (Ta) 


MM74HC 
MM54HC 


Input Rise or Fall Times 
(t,t)  Vcoc=2.0V 
Voc =4.5V 
Voc =6.0V 


—40 
—55 


74HC 54HC 
Ta=—40 to 85°C | Ta=—55 to 125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


he 


4.2 
0.5 
8 


1. 


1.9 
4.4 
5.9 


3.84 
5.34 


0.1 
0.1 
0.1 


Maximum Input Vin=Vcc or GND | 6.0V £0.1 
Current 

Maximum Quiescent | Vin=Vcc orGND | 6.0V 

Supply Current lout =0 pA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/"C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj} and Vi occur at Vcc = 5.5V and 4.5V respectively. (The Vi, value at 5.5V is 3.85V.) The worst case leakage current (ln, 
coc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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MM54HC32/MM74HC32 


AC Electrical Characteristics vcc=sv, Ta=25°C, C,=15 pF, t-=t;=6 ns 


tpHL: tpLH Maximum Propagation 
Delay 


AC Electrical Characteristics 
Voc = 2.0V to 6.0V, C_=50 pF, t-=ts=6 ns (unless otherwise ees 


* T _— c 74HC 54HC 
Parameter Conditions a Ta=—40to 85°C Ta= —55 to 125°C 
Guaranteed Limits 


tpHL, tpLy | Maximum Propagation ; 100 125 150 
Delay j 20 
17 


trLH, tru. | Maximum Output Rise : 75 
and Fall Time i 


_ Power Dissipation (per ae) 

" Capacitance (Note 5) 
Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+ Icc Vcc, and the no load dynamic current consumption, ls=Cpp Voc f+ Icc. 
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National 
Semiconductor 


MM54HC34/MM74HC34 Non-Inverter 


General Description 


The MM54HC34/MM74HC34 are logic functions fabricated 
by using advanced silicon-gate CMOS technology which 
provides the inherent benefits of CMOS—low quiescent 
power and wide power supply range, but are functionally as 
well as pin-out compatible with standard DM54LS/74LS de- 
vices. The MM54HC34/MM74HC34 feature low power dis- 


Connection Diagram 


sipation and fast switching times. All inputs are protected 
from static discharge by internal diodes to Vcc and ground. 


Features 
m Fast switching: tery, tpH_. = 10 ns (typ) 
g@ High fanout: = 10 LS loads 


Dual-In-Line Package 


Al v1 A2 


.To 


A4 Y4 


Y2 A3 Y3 GND 


p View 


TL/F/9389~-1 


Order Number MM54HC34* or MM74HC34* 


*Please look into Section 8, Appendix D for availability of various package types. 
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MM54HC34/MM74HC34 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Voltage (Vin) 
DC Output Voltage (Vout) 
Clamp Diode Current (Ii, lox) 
DC Output Current, per pin (loyt) 
DC Vcc or GND Current, per pin (ljcc) 
Storage Temperature Range (Tstq) 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


—0.5V to Voc +0.5V 
+20 mA 
+25mA 
+50 mA 

—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 


Output Voltage llout| < 20 pA 


Vin = ViL 
llout| < 4.0 mA 
llout| < 5.2 mA 


Vin = Vin 
lloutl < 20 pA 


Maximum Low Level 
Output Voltage 


Vin = VIH 
llout| < 4.0 mA 
llout| < 5.2mA 


Vin = Voc or GND 


Maximum Input 
Current 


—1.5V toVeco +1.5V © 


Operating Conditions 
Min 
Supply Voltage (Vcc) 20 
DC Input or Output Voltage 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
input Rise or Fall Times 
(t,t) Voc = 2.0V 
Voc = 4.5V 
Vcc = 6.0V 


74HC 


‘| Ta = —40to + 85°C Units 


54HC 
Ta = —55to + 125°C 


Guaranteed Limits 


is 
1.8 


1.5 
3.15 


1.9 
se 


0.26 
0.26 


Pele ee] 


Maximum Quiescent | Vin = Voc or GND i 
Supply Current lout = 0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating—plastic “‘N” package: — 12 mW/°C from 65°C to 85°C, ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 


with this supply. Worst case Vjy4 and Vi, occur at Vcc = 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
**Vi_ limits are currently tested at 20% of Voc. The above Vi specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, loc and 





AC Electrical Characteristics vcc = 5v, T, = 25°C, C, = 15 pF, t, = t} = 6ns 


tpH, teLH Maximum Propagation 
Delay 


VEOHPZNW/PEDHPSININ 


Ta = 25°C 74HC 54HC 
Parameter Conditions es Ta = —40°C to + 85°C | Ta = —55°C to + 125°C | Units 


Guaranteed Limits 


tpHL, tPLH | Minimum Propagation 


Power Dissipation (per gate) 
Capacitance (Note 5) 

Maximum Input 

Capacitance — 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f + Ioc Vcc, and the no load dynamic current consumption, ls = Cpp Vcc f + 
loc. : : : 


20 

17 

try. tru | Maximum Output Rise 95 
and Fall Time P 19 

: 16 

10 
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MM54HC42/MM74HC42 


National © 
Semiconductor 


MM54HC42/MM74HC42 
BCD-to-Decimal Decoder 


General Description 


This decoder utilizes advanced silicon-gate CMOS technol- _—All inputs are protected from damage due to static dis- 
ogy. Data on the four input pins select one of the 10 outputs charge by diodes to Vcc and ground. 

corresponding to the value of the BCD number on the in- 

puts. An output will go low when selected, otherwise itree Features 

mains high. If the input data is not a valid BCD number all 
outputs will remain high. The circuit has high noise immunity j , 
and low power consumption usually associated with CMOS m Wide sure ly range: 2V-6V 

circuitry, yet also has speeds comparable to low power ™ Low quiescent current: 80 pA (74HC) 
Schottky TTL (LS-TTL) circuits, and is capable of driving 10  ™ Fanout of 10 LS-TTL loads 

LS-TTL equivalent loads. 


m@ Typical propagation delay: 15 ns 


Connection Diagram Truth Table 


Dual-in-line Package 
INPUTS OUTPUTS 


| _Inputs _| 
|D cB Alo 


INVALID 


OUTPUTS TL/F/5301-1 
Top View 





Trertrerrijerr LerTrtixczererercia 
TrIrreret~Ttire-TiIrelirtrTirre lw 
Treiritr|jrririti|ri—i—rir|> 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


cages age RD CR RS | OO cle ed coe Wo a ed ae oe 


Order Number MM54HC42* or MM74HC42* Peg evel ne en Tee 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Logic Diagram 


VVUVVVVVVVV 


TL/F/5301-2 
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Absolute Maximum Ratings (Notes 1 & 2). 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 
Clamp Diode Current (lik; lox) 
DC Output Current, per pin (Ioyt) 


DC Voc or GND Current, per pin (Icc) 


Storage Temperature Range (Tstc) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Veo + 1.5V 
—0.5 to Voc + 0.5V 

+20mA 
+25mA 
+50 mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


ViN=VIH OF ViL 
llout|<4.0 mA 
Hout! <5.2mA 


Minimum Low Level! 
Output Voltage 


Conditions 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Vin= Vin OF Vit 
lout] $20 pA 


2.0V 
4.5V 
6.0V 


4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Vin= Vin Or Vit 
lloutl<20 pA 


Vin= Vin OF Vit 


lloutl<4.0 mA 
llout| <5.2 mA 


4.5V 
6.0V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, VouT) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(tr, t)  Voec=2.0V 
Voc=4.5V 
Voc=6.0V 


—40 
—55 


Guaranteed Limits 


0.5 
1.35 
1.8 


1.9 
44 


5.9 
3.7 
5.2 
0.1 
0.1 


0.1 

0.1 

0.1 ; 0.1 
0.26 0.4 
0.26 0.4 


Maximum Input Vin=Vcoc or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 160 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj} and Vj_ occur at Vcc = 5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Vcc. The above Vi_ specification (30% of Voc) will be implemented no later than Q1, CY’89. 


3-49 





CVOHPZW/2POHPSIAW 


MM54HC42/MM74HC42 


AC Electrical Characteristics voc=5v, Ta=25°C, C_=15 pF, t-=t=6 ns 


Guaranteed 
tpHt, tpLH Maximum Propagation 
Delay 


AC Electrical Characteristics Voc=2.0V to 6.0V, C, = 50 pF, t-=t;=6 ns (unless otherwise specified) 


Aaee 74HC 54HC 
Parameter Conditions a Ta=—40t0 85°C | Ta=—55to 125°C | Units 
Guaranteed Limits 


tpH-t, tpt | Maximum Propagation 189 
Delay 


ttiH, trHL | Maximum Output Rise 
and Fall Time 


Power Dissipation (per package) 
Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vec2 f+Icc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ Icc. 





3-50 


National 
Semiconductor 


MM54HC51/MM74HC51 Dual AND-OR-Invert Gate 
MM54HC58/MM74HC58 Dual AND-OR Gate 


General Description Features 


These gates utilize advanced silicon-gate CMOS technology ™@ Typical propagation delay: 10 ns 

to achieve operating speeds similar to LS-TTL gates with mm Wide power supply range: 2-6V 

the low power consumption of standard CMOS integrated ™ Low quiescent supply current: 20 »A maximum 
circuits. All gates have buffered outputs, providing high (74 Series) 

noise immunity and the ability to drive 10 LS-TTL loads. The : : ; 

54HC/74HC logic family is functionally as well as pin-out is me phaeetislae ad ec al 
compatible with the standard 54LS/74LS logic family. All i 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Connection Diagrams 


Dual-In-Line Package 
E1 D1 


Al A2 B2 c2 D2 Y2 GND 
TL/F/5302—1 
Top View 


Order Number MM54HC51* or MM74HC51* 


Dual-In-Line Package 


Al A2 B2 C2 D2 Y2 GND 
Top View 


TL/F/5302-2 


Order Number MM54HC58* or MM74HC58* 


*Please look into Section 8, Appendix D for availability of various package types. 
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8SODHPZININ/8SDHPSININ/ LSOHPZAIN/-LSOHPSIA 


MM54HC51/MM74HC51/MM54HC58/MM74HC58 


Absolute Maximum Ratings (notes 1 & 2) 


lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) . 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I}x, lox) 

DC Output Current, per pin (lout) 
DC Voc or GND Current, per pin (Icc) 
Storage Temperature Range (TstcG) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


—1.5 to Voct 1.5V 
—0.5 to Voc + 0.5V 
+20mA 

+25mA 

+50 mA 

—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Symbol Parameter 


Minimum High Level 
Input Voltage 


2.0V 
4.5V 
6.0V 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lout] <20 pA 2.0V 
4.5V 


6.0V 
VIN=ViH OF ViL 
lloutl <4.0 mA 
lloyt| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin oF Vit 
lout] <20 pA 


Vin= Vin OF ViL 
lloyt| <4.0 mA - 
llgut| <5.2 mA 


Maximum Input 
Current 


Maximum Quiescent 
Supply Current 


Vin= Vcc or GND 
louT=0 pA 


—0.5 to. +7.0V - 


Conditions fee 





4.5V 
6.0V 


4.5V 
6.0V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(ty t) - Voc=2.0V 
Voc=4.5V 
Vec=6.0V 


. 74HC 54HC 
Ta= —40to 85°C | Ta= —55to 125°C | Units 


An~25°C 
yp 





6.0 
4.2 
5.7 


Guaranteed Limits 


1.5 
3.15 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.5 
3.15 


4.2 


1.9 
4.4 
5.9 


1.9 
4.4 

5.9 

3.98 — 3.84 
5.48 5.34 


3.7 
5.2 


0.1 
0.1 


0.1 
0.4 
0.4 


0.26 
0.26 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J" package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and VoL) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vy and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY'89. 
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AC Electrical Characteristics voc=5sv, Ta=25°C, C,=15 pF, t-=ty=6 ns 


Guaranteed 
tpHL teLH Maximum Propagation 10 
Delay 


AC Electrical Characteristics v.c=2.0v to 6.0v, C, =50 pF, tp=t,=6 ns (unless otherwise specified) 


een 74HC 54HC 
Parameter Conditions a Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 


tpHi, tptH | Maximum Propagation 158 186 


ttLH, tru. | Maximum Output Rise 
and Fall Time 


Power Dissipation (per AND-OR-Gate) 

Capacitance (Note 5) 

Maximum Input 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, Is=Cpp Voc f+ Icc. 
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8SOHPZWIN/8SOHPSW/LSOHPZIANW/-ESOHPSWA 


MM54HC73/MM74HC73 


National 
Semiconductor 


MM54HC73/MM74HC73 
Dual J-K Flip-Flops with Clear 


General Description 


These J-K Flip-Flops utilize advanced silicon-gate CMOS 
technology. They possess the high noise immunity and low 
power dissipation of standard CMOS integrated circuits. . 
These devices can drive 10 LS-TTL loads. , 
These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock - 
pulse. Each one has independent, J, K, CLOCK, and 
CLEAR inputs and Q and Q outputs. CLEAR is independent 
of the clock and accomplished by a low level on the input. 
The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 


Connection and Logic Diagrams - 


Dual-In-Line Package 


CLK? CLRI K1 Voc CLK2 CLR2 


Top View TL/F/5072-1 


Order Number MM54HC73* or MM74HC73* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


(1 of 2) 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Voc and ground. 


Features 

@ Typical propagation delay: 16 ns 

a Wide operating voltage range: 2-6V 

@ Low input current: 1 wA maximum ; 

m@ Low quiescent current: 40 pA (74HC Series) 
@ High output drive: 10 LS-TTL loads 


Truth Table 


TOGGLE 
Qo QO 


TL/F/5072-2 TL/F/5072-3 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to + 7.0V 
DC Input Voltage (V —1. +1. 
pc ont tV % : ‘ ; 7 . ppetalind Temmaenge ta) 

u PY oltage (Vout) —0.5 to Vec + 0. MM74HC —40 
Clamp Diode Current (Ij, lox) +20mA MMS54HC —55 
DC Output Current, per pin (lour) +25mA Input Rise or Fall Times 
DC Vcc or GND Current, per pin (Ic¢c) +50mA (t,t)  Voc=2.0V 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc=4.5V 
Power Dissipation (Pp) Voc = 6.0V 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temperature (T,) 

(Soldering 10 seconds) 260°C 


DC Input or Output Voltage 
(Vin: Vout) 


DC Electrical Characteristics (ote 4) 


Ta=25°C 74HC 54HC - 
Parameter Conditions a Ta=—40 to 85°C | Ta= —55to 125°C | Units 


Guaranteed Limits 


- Minimum High Level 


1.5 
3.15 
4.2 


Maximum Low Level! : 0.5 
Input Voltage** . 1.35 


1.8 


Minimum High Level | Vin =Viq or Vit 

Output Voltage lloyut|<20 pA ; . : 1.9 
4.4 
5.9 


Vin= Vin OF Vit 
llout|<4.0 mA : 3.84 
llout|<5.2 mA ; 5.34 


Maximum Low Level | Vin=Viy or Vi 
Output Voltage lout] <20 pA 


: 0.1 0.1 

ViIN= Vin OF Vit 

llout| <4.0 mA : 0.33 0.4 

llout| <5.2 mA ‘ 0.33 0.4 . 
Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 +1.0 
Current et 
Maximum Quiescent | Vin=VccorGND | 6.0V 40 
Supply Current louT=0 pA ; 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘“‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vou, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi} and Vy, occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case ane current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**ViL limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, cy’ 89. 
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€ZOHPZNIN/EZOHPSIIN 


MM54HC73/MM74HC73 


AC Electrical Characteristics voc=5sv, T,=25°C, C, =15 pF, t-=t;=6 ns 


Symbol__| Parameter |_—Conditions_|_Typ _| _Guaranteed Limit Units 
fax Maximum Operating 
; Frequency 
tPHL, teLH Maximum Propagation 
Delay Clock to Q or Q 
teHL: teLH Maximum Propagation 
Delay Clear to Q or Q 
tREM Minimum Removal Time, 
Clear to Clock 
ts Minimum Setup Time, 14 
J or K to Clock 
tH Minimum Hold Time 
J or K to Clock 
tw Minimum Pulse Width, 
Clock or Clear 


AC Electrical Characteristics CL=50 pF, t;=t;=6 ns (unless otherwise specified) 


T2360 74HC 54HC 
Symbol Parameter Conditions A Ta=—40to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 


fax Maximum Operating MHz 
Frequency MHz 
MHz 


ns 
ns 
ns 


ns 
ns 
ns 


tpHL, tpLH | Maximum Propagation 


Delay Clock to Q or 0 


tPHL: tpLH | Maximum Propagation 
Delay Clear to Q orQ 


tREM Minimum Removal Time 
Clear to Clock 


ns 
ns 
ns 


ts Minimum Setup Time 
J or K to Clock 


ty Minimum Hold Time Ld 


ns 
ns 
ns 


ns 
ns 
ns 


Jor K from Clock 


tw Minimum Pulse Width 
Clock or Clear 


ns 
ns 
ns 


ns 
ns 
ns 


trun, trHL | Maximum Output Rise 
and Fall Time 


tr, te Maximum Input Rise and 
Fall Time 


ns 
ns 
ns 


pF 





Cpp Power Dissipation (per flip-flop) 
Capacitance (Note 5) 

Cin Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+ Icc Vcc, and the no load dynamic current consumption, Ig =Cpp Vcc f+ lec. 


pF 


ha 
th 

oo 
4 
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Typical Applications 


COUNTER ENABLE 


TO 
NEXT BIT 


N Bit Binary Ripple Counter with Enable and Reset 


N Bit Shift Register with Clear 
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TL/F/5072-4 


TL/F/5072-5 





€ZOHPZNIN/EZOHPSWAN 


MM54HC74A/MM74HC74A 


National 
Semiconductor 


MM54HC74A/MM74HC74A 


General Description 


The MM54HC74A/MM74HC74A utilizes advanced silicon- 
gate CMOS technology to achieve operating speeds similar 
to the equivalent LS-TTL part. It possesses the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, along with the ability to drive 10 LS-TTL 
loads. 


This flip-flop has independent data, preset, clear, and clock 
inputs and Q and Q outputs. The logic level present at the 
data input is transferred to the output during the positive-go- 
ing transition of the clock pulse. Preset and clear are inde- 
pendent of the clock and accomplished by a low level at the 
appropriate input. 


Connection and Logic Diagrams 


Dual-In-Line Package 
b2 CLK2 PR2 


PRI 


TOP VIEW TL/F/5106-1 


Order Number MM54HC74A* or MM74HC74A* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


‘Dual D Flip-Flop with Preset and Clear 


The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Features 

@ Typical propagation delay: 20 ns 

m Wide power supply range: 2-6V 

m Low quiescent current: 40 nA maximum (74HC Series) 
m@ Low input current: 1 A maximum 

g@ Fanout of 10 LS-TTL loads 


Truth Table 


Note: Q0=the level of Q before the indicated input condi- 
tions were established. : 

* This configuration.is nonstable; that is, it will not persist 
when preset and clear inputs return to their inactive (high) 
level. 


TL/F/5106-2 





Absolute Maximum Ratings (notes 1 4 2) 


If Military/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for avallability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voct 1.5V 
DC Output Voltage (Voyt) —0.5 to Voc + 0.5V 
Clamp Diode Current (li, lox) +20 mA 
DC Output Current, per pin (Iqyt) +25mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 
Power Dissipation (Pp) 


(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 
Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


ViIN= Vin OF ViL 
llout| $20 pA 


Vin= Vin OF Vit 
llout|<4.0 mA 
Nout] <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin OF ViL 
llout|<20 pA 


Vin=ViH OF Vit 
lout|<4.0 mA 
lloutl| <5.2 mA 


Maximum Input Vin= Vcc or GND 
Current 


Maximum Quiescent | Vin=VccorGND | 6.0V 
Supply Current louT=0 pA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(VIN: OUT) 
Operating Temp. Range (Ta) 
MM74HG 
MM54HC 
Input Rise or Fall Times 
(t,, ts) Vec=2.0V 
Voc = 4.5V 
Voc =6.0V 


la 74HC 54HC 
Pe: =—40 to 85°C | Ta=—55 to 125°C 


Guaranteed Limits 


1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 


0.5 0.5 
1.35 1.35 
1.8 1.8 


1.9 1.9 
ae 4.4 
5.9 


5.9 
3.84 3.7 
5.34 5.2 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi and Vi, occur at Vo¢ = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (jx, loc, and 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of V¢c) will be implemented no later than Q1, CY’89. 
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MM54HC74A/MM74HC74A 


AC Electrical Characteristics voc=5v, T,=25°C, C.=15 pF, t;=t;=6 ns 


Guaranteed 
fMax Maximum Operating 72 _ MHz 
Frequency 
tpHL: tPLH Maximum Propagation 
Delay Clock to Q or Q 
tpHL tpLH Maximum Propagation _ 17 40 
Delay Preset or Clear to Q or Q 
trem Minimum Removal Time, 
Preset or Clear to Clock 
ts Minimum Setup Time 
Data to Clock 
tH Minimum Hold Time 
Clock to Data 
tw Minimum Pulse Width 
Clock, Preset or Clear 


AC Electrical Characteristics CL =50 pF, t;=tr=6 ns (unless otherwise specified) 


Ta=25°C | 74HC 54HC 
Symbol Parameter Conditions A Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 


fmax Maximum Operating 
Frequency 


tpH_, tpLH | Maximum Propagation 


Delay Clock to Q or O 


tpHL. tpLH | Maximum Propagation 
Delay Preset or Clear 
ToQorQ 


tReEM Minimum Removal! Time 
Preset or Clear 
To Clock 


Minimum Setup Time 
Data to Clock 


ty Minimum Hold Time 
Clock to Data 


tw Minimum, Pulse Width 
Clock, Preset or Clear 


tru, trHL | Maximum Output 
Rise and Fall Time 


PANVIDPARNIDANIMOANIOAANIDANIOS 
counolousclousclonmolonscl/ounolon 
<<<j/<<<cj/<<ccyccc(cccycccj7<cc 


tr, te Maximum Input Rise and 
Fall Time 


Cpp Power Dissipation (per flip-flop) 
Capacitance (Note 5) 

Cin Maximum Input 
Capacitance 





MHz 
MHz 
MHz 


ns 
ns 
ns 


nN 1 
ona 


on fh 

aM NM 
—~p- 
ONS 


ns 
ns 
ns 


ns 
ns 
ns 
ns — 
ns 
ns 


= = © mM © 
ko oO oa oO 


ns 
ns 
ns 


— — +] NM pv 
oan fo 


o 
o 


ns 
ns 
ns 


ares 
Oo 


ns 
ns 
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Note 5: Cpp determines the no load dynamic power consumption, Pp>=Cpp Vcc? f+ Icc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ loc. 
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National 
Semiconductor 


MM54HC75/MM74HC75 


4-Bit Bistable Latch with Q and Q Output 


General Description 


This 4-bit latch utilizes advanced silicon-gate CMOS tech- 
nology to achieve the high noise immunity and low power 
consumption normally associated with standard CMOS inte- 
grated circuits. These devices can drive 10 LS-TTL loads. 


This latch is ideally suited for use as temporary storage for 
binary information processing, input/output, and indicator 
units. Information present at the data (D) input is transferred 
to the Q output when the enable (G) is high. The Q output 
will follow the data input as long as the enable remains high. 
When the enable goes low, the information that was present 
at the data input at the time the transition occurred is re- 
tained at the Q output until the enable is permitted to go 
high again. 


Connection and Logic Diagrams 


Dual-In-Line Package 


2D ENABLE Vcc 
3-4 


TOP VIEW 
: TL/F/5303~1 
Order Number MM54HC75* or MM74HC75* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

m Typical operating frequency: 50 MHz 

m@ Typical propagation delay: 12 ns 

m Wide operating supply voltage range: 2-6V 

m@ Low input current: 1 »A maximum 

m Low quiescent supply current: 80 w»A maximum 
(74HC Series) 

m Fanout of 10 LS-TTL loads 


Truth Table 


H = High Level: L=Low Level 
X = Don't Care 
Qo = The fevel of Q before the transition of G 


(1 of 4 latches) 


G 


TO OTHER 
LATCH 


TL/F/5303-2 
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SZOHPZWA/SZOHPSN 


MM54HC75/MM74HC75 


_ Storage Temperature Range (Tstq) . 


Absolute Maximum Ratings (notes 1 @ 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) ~1.5 to Voc+ 1.5V 
DC Output Voltage (Vqyt) —0.5 to Veco + 0.5V 
Clamp Diode Current (I\K, lox) +20 mA 
DC Output Current, per pin (Ioyt) +25mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
—65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (Note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
llout|<20 pA 


Vin=ViH OF Vi 
llout| <4.0 mA 
llout|<5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin oF Vit 
llout|<20 pA 


Vin = Vin OF ViL 
lloyt| <4.0 mA 
\lourl <5.2mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HG 
MM54HG 
Input Rise or Fall Times 
(t,t) Voc=2.0V 
Voc =4.5V 
Voc =6.0V 


—40 
—55 


74HC 54HC 
Ta=—40 to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


Maximum Input Vin=Vcc or GND | 6.0V +01 +1.0 
Current 

Maximum Quiescent | Viy=VccorGND | 6.0V 

Supply Current lout =0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vox, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vjy and Vj, occur at Vcc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc =5v, T,=25°C, C,=15 pF, t-=t}=6 ns 


Guaranteed 
tpH_, tPLH Maximum Propagation 14 23 
Delay, Data toQ 
tpHL tpLy Maximum Propagation 10 
Delay, Data toQ 
tpHL tpLH Maximum Propagation 16 27 
Delay, Enable to Q 
tpHL, tepLH Maximum Propagation 11 
Delay, Enable to Q 
| ts | Minimumsetuptime | | ST | 


MinimumHoldTime | | m2 | is 
Minimum Putsowith | |] | te Ts 


AC Electrical Characteristics c, =50 pr, t,=t;=6 ns (unless otherwise specified) 


soy gd 74HC 54HC 
Symbol Parameter 7 Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 


tpHL, tp_y | Maximum Propagation 37 | 125 156 188 ns 
Delay, Data toQ 38 ns 
32 ns 


SZOHPZINW/SZOHPSIW 


ns 
33 ns 
29 ns 


ns 
44 ns 
38 ns 


ns 
38 ns 
33 ns 


ns 
30 ns 
25 ns 


tpHL, tpLy | Maximum Propagation 
Delay, Data toQ 


25 
24 
110 
22 
19 
145 


tpHL, tpt | Maximum Propagation 
Delay, Enable to Q 


no 
(ve) 


tpHt, tpLH | Maximum Propagation 
Delay, Enable to Q 


hm A] M 
aia 


iw) 
Lv) 


Minimum Set Up Time : 
Data to Enable ‘ 


Minimum Hold Time 
Enable to Data 


ns 
ns 
ns, 


fee) — 
o “NO 


tw Minimum Enable Pulse Width ns 
ns 


ns 


Lye) 
Oo 


_ 
pss 
= 
Loe) 





~ 
ol 
oO 
a 


ns 
ns 
ns 


pF 


iw) 
he) 


Cpp Power Dissipation (per commonly 
Capacitance (Note 5) clocked latched 
pair) 


Cin Maximum Input 
Capacitance , 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+ Icc Voc, and the no load dynamic current consumption, lg = Cpp Voc f+Icc- 





Oo 
oO 


pF 


15 
14 
29 
12 
11 
40 
18 
16 
36 
15 
14 
40 
10 
9. 
40 
; 11 
j 9 
tty. trHL | Maximum Output A 25 
Rise and Fall Time ; 7 
: 6 


_ 
(se) 
= =a 
oD © 
= _ 
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MM54HC76/MM74HC76 


National 
Semiconductor 


MM54HC76/MM74HC76 Dual J-K Flip-Flops 


with Preset and Clear 


General Description 

These high speed (30 MHz minimum) J-K Flip-Flops utilize 
advanced silicon-gate CMOS technology to achieve, the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS-TTL loads. 

Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and Q and Q outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre- 
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 


Connection and Logic Diagrams 


Dual-in-Line Package 


CLK 1 PR1 CLR1 J1 Vcc CLK2 PR2 CLR2 
TL/F/5074-1 


Top View 


Order Number MM54HC76* or MM74HC76* 


*Please took into Section 8, Appendix D 
for availability of various package types. 


(1 of 2) 


The 54HC/74HC logic family is functionally.as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Voc and ground. 


Features 

m Typical propagation delay: 16 ns 

@ Wide operating voltage range 

@ Low input current: 1 wA maximum 

m Low quiescent current: 40 uA maximum (74HC Series) 
g High output drive: 10 LS-TTL loads 


Truth Table 


PR CLR CLK la a 
HO 


L 

L* 
Qo 

H 

L H 
TOGGLE 
Qo. 0 Qo 


*This is an unstable condition, and is not guaranteed 


aq 


<x<mirinrK x x*«K 
<xrirereKxKx XIE 


H 
L 
L 
H 
H 
H 
H 
H 


TL/F/5074-3 
TL/F/5074~-2 





Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallabillty and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Veg + 0.5V 
Clamp Diode Current (lik, lox) +20 mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (icc) +50 mA 
Storage Temperature Range (TstaG) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 
Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 
260°C 


DC Electrical Characteristics (Note 4) 


Parameter Conditions 


Minimum High Level 
Input Voltage 


2.0V 
4.5V 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lout] 20 pA 


Vin= Vin oF Vit 
llout| $4.0 mA 
llout| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
lout] <20 pA 


Vin= Vin OF Vit 
llout|<4.0 mA 
llout| <5.2 mA 


Maximum Input Vin= Vcc or GND 
Current 

Maximum Quiescent | Vin=Vcc or GND 
Supply Current 


louT=0 pA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HG 
MM54HC 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc = 4.5V 
Voc=6.0V 


—40 
—55 


ogee: 74HC 54HC 
AX =—40to 85°C | Ta=—55 to 125°C | Units 


2.0 
. : 


Guaranteed Limits 


1.5 
. 


1.9 
ee 


3.84 
5.34 


0.1 
0.1 
0.1 


0.1 
a 





0.26 
0.26 


+0.1 


0.1 
sep 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/"C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vox, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, Icc, and 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be 


used, 


**Vit limits are currently tested at 20% of Vcc. The above Vi, specification (30% of Voc) will be implemented no tater than Q1, CY’89. 
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MM54HC76/MM74HC76 


AC Electrical Characteristics voo=5v, Ta=25°C, CL =15 pF, t.=t=6 ns 


| Maximum OperatingFrequency | | co | 
tpHL, tpLH Maximum Propagation Delay Clock to Q orQ nae es eee eee 
teHL tpLH Maximum Propagation Delay Clear to Q or Q he Se ee ee 
teHL tpLH Maximum Propagation Delay Preset to Q or Q a SS ee ee 


Minimum Removal Time 

Minimum Setup Time J or K to Clock 
Minimum Hold Time J or K to Clock 
Minimum Pulse Width Preset, Clear or Clock 


AC Electrical Characteristics c,=50 pr, t,=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Symbol Parameter Conditions | Vcc A Ta=—40to 85°C | Ta=-—55to 125°C | Units 


Guaranteed Limits 


4 
on 

oO l< 
3 


2.0V 
4.5V MHz 
6.0V MHz 


2.0V ns 
4,.5V ns 
6.0V ns 
2.0V ns 


ns 
ns 


fuax Maximum Operating 
Frequency 


MHz 


tpHL tpLy | Maximum Propagation 
Delay Clock to Q or Q 


tpHL teLH | Maximum Propagation 
Delay Clear to Q or Q 


tpHL, tpLy | Maximum Propagation 
Delay, Preset to Q orQ 


ns 
ns 
ns 


NM 
ON 


tREM Minimum Removal! Time 
Preset or Clear 
to Clock 


Minimum Setup Time — 


ns 
ns 
ns 


ns 
ns 
ns 


J or K to Clock 


ty Minimum Hold Time 
Jor K from Clock 


ns 
ns 
ns 


tw Minimum, Pulse Width, 
Preset, Clear or Clock 


ns 
ns 
ns 


ttLH, ttHL | Maximum Output Rise 
and Fall Time 


ns 
ns 
ns 


tr, ty Maximum Input Rise and 
Fall Time 


ns 
ns 
ns 


pF 


an 
Q 
oO 





Cpp Power Dissipation (per flip-flop) 
Capacitance (Note 5) 

Cin Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+!oc Vcc, and the no load dynamic current consumption, Is =Cpp Vcc f+ Icc. 


pF 


oo —a aN 


— 
oO 
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Typical Applications 


N Bit Presettable Ripple Counter with Enable and Reset 
DATAC DATAB 
COUNTER ENABLE 


) [) 
PRESET J = Q PRESET PRESET | 


TO 
NEXT BIT 


TL/F/5074-4 


N Bit Parallel Load/Serial Load Shift Register with Clear 
DATAA DATA B 


TL/F/5074-5 
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MM54HC85/MM74HC85 


National — 
Semiconductor 
MM54HC85/MM74HC85 


4-Bit Magnitude Comparator 


General Description 


The MM54HC85/MM74HC85 is a 4-bit magnitude compara- 
tor that utilizes advanced silicon-gate CMOS technology. It 
is designed for high speed comparison of two four bit words. 
This circuit has eight comparison inputs, 4 for each word; 
three cascade inputs (A<B, A>B, A=B); and three deci- 
sion outputs (A<B, A>B, A=B). The result of a comparison 
is indicated by a high !evel on one of the decision outputs. 
Thus it may be determined whether one word is “greater 
than,” “less than,” or “equal to” the other word. By con- 
necting the outputs of the least significant stage to the cas- 
cade inputs of the next stage, words of greater than four bits 
can be compared. In addition the least significant stage 
must have a high level applied to the A=B input, and a low 


Connection Diagram 


The comparator’s outputs can drive 10 low power Schottky 
TTL (LS-TTL) equivalent loads, and is functionally, and pin 
equivalent to the 54LS85/74LS85. All inputs are protected 
from damage due to static discharge by diodes to Vcc and 
ground. 


Features 

m@ Typical propagation delay: 27 ns 

w Wide operating voltage range: 2-6V 

@ Low input current: 1 pA maximum 

m@ Low quiescent current: 80 nA maximum (74HC Series) 
m Output drive capability: 10 LS-TTL loads 


level to the A<B, and A>B inputs. 


Dual-In-Line Package 
DATA INPUTS 


B3 A<B 
DATA 
INPUT 


A=B AD>B 
CASCADE INPUTS 


OUTPUTS 


TOP VIEW 


TL/F/5205-1 


Order Number MM54HC85* or MM74HC85* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Comparing 
Inputs 


-HoKO LK KKK KKK XK 


Outputs 
A<B A=B 


«KX 


Toe DTK KKK KK 
merle KKK KKK KK 
IeoererreiriIer-reirTyv 
Drerertrrririreririr 
Pemdrrerererececeeoe 
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Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vour) —0.5 to Veo + 0.5V 
Clamp Diode Current (Ii, lox) +20 mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (icc) +50mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.0. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (Note 4) 
Parameter 


a 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin=ViH Or Vit 
llout| $20 pA 2.0V 
4.5V 


6.0V 
Vin= Vin OF Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Vin = Vin OF ViL 
lloutl<20 pA 


4.5V 
6.0V 


Maximum Low Level 
Output Voltage 2.0V 
4.5V 


6.0V 
Vin=ViH OF ViL 
lout] $4.0 mA 
lloutl <5.2mA 


Maximum Input Vin=Vcoc or GND | 6. ee 
Current 


Conditions 


“no Ta= 


2.0 
4.6 
6.0 


4.2 
5.7 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) Vcoc=2.0V 
Voc =4.5V 
Vcoc=6.0V 


—40 
—55 


74HC 
-—40to 85°C | Ta=—55to125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


i 
1.8 


1.9 
4.4 


3.98 3.84 
5.48 5.34 


0.1 
; 


1.9 
4.4 


0.1 


4.5V 0.26 0.4 
6.0V 0.26 0.4 


eel . af 


Maximum Quiescent | Vin=Vocc or GND od 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo;) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vj_ occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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MM54HC85/MM74HC85 


AC Electrical Characteristics vcc=5v, T,=25°C, C_=15 pF, t= t;=6 ns 
Parameter 

tpHL,. tpLH Maximum Propagation Delay Data Input to A<B orA>B — 

tpHL,tpLH | Maximum Propagation Delay A=B Input to A=B Output 

text, tpLy Maximum Propagation Delay Cascade Input to Output 

tpHL, tpLH Maximum Propagation Delay Data Input to A=B 


AC Electrical Characteristics C.=50 pF, t-=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Vec aT Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed Limits 
tpHL, tpt | Maximum Propagation 2.0V | 100 | 210 313 
Delay Data Input to 4.5V | 21 42 63 
Output 6.0V ; 18 | 36 53 
Me 


tpHL, tpt | Maximum Propagation Delay 2.0V 221 261 
Data Input to A=B Output 4.5V 44 ; 52 
6.0V 37 44 


tpHL, tpLy | Maximum Propagation Delay 2.0V 125 158 186 


A=B Input to A=B Output 4.5V 25 32 37 
6.0V 21 27 32 


tpH_, tpt | Maximum Propagation 2.0V ae 195 281 
: Delay Cascade Input 4.5V 39 46 
to Output (except A = B) 6.0V 33 39 


tri, trHL | Maximum Output Rise 2.0V S 95 110 
and Fall Time 4.5V 19 22 
6.0V 16 19 


Maximum Input Capacitance ae A BSS 10 
Power Dissipation Capacitance | _ (Note 5) oa 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? ftlcc Vcc, and the no load dynamic current consumption, 
Is = Cpp Voc f + lec. 


Typical Application 





Cascading Comparators 


LEAST SIGNIFICANT 
4-BIT WORDS 


MOST SIGNIFICANT 
4-BIT WORDS 


OUTPUTS 


TL/F/5205-4 
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MM54HC86/MM74HC86 


National | 
Semiconductor 


MM54HC86/MM74HC86 
Quad 2-Input Exclusive OR Gate 


General Description 


This EXCLUSIVE OR gate utilizes advanced silicon-gate 
CMOS technology to achieve operating speeds similar to 
equivalent LS-TTL gates while maintaining the low power 
consumption and high noise immunity characteristic of stan- 
dard CMOS integrated circuits. These gates are fully buff- 
ered and have a fanout of 10 LS-TTL loads. The MM54HC/ 
74HC logic family is functionally as well as pin out compati- 
ble with the standard 54LS/74LS logic family. All inputs are 
protected from damage due to static discharge by internal 
diode clamps to Vcc and ground. 


Connection Diagram 


Features 

@ Typical propagation delay: 9 ns 

m Wide operating voltage range: 2-6V 

@ Low input current: 1 »A maximum 

m Low quiescent current: 20 nA maximum (74 Series) 
w Output drive capability: 10 LS-TTL loads 


Dual-In-Line Package 


=. TL/F/5305-1 


Top View 


Order Number MM54HC86* or MM74HC86* 
*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 
DC Input Voltage (Vin) 
DC Output Voltage (Vout) 
Clamp Diode Current (IIx, lox) 
DC Output Current, per pin (lout) 
DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (Tstq) 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


—1.5 to Veo + 1.5V 
—0.5 to Veco + 0.5V 
+20 mA 

+25mA 

+50 mA 

—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin = Vin or Vit 
lloutls20 pA 


Vin = Vin OF Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin oF Vit 
lout] $20 pA 


Vin = Vin OF ViL 
llout| <4.0 mA 
llout| $5.2 mA 


—0.5to +7.0V 


eae 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc =4.5V 
Voc =6.0V 


—40 
—55 


74HC 
—40 to 85°C 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 


Maximum Input Vin=Vcc or GND | 6.0V £041 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 2.0 

Supply Current louT=9 pA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vjy and V;, occur at Voc = 5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Viz limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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98DHPZWN/S8DHPSWA 


MM54HC86/MM74HC86 


AC Electrical Characteristics voco=5v, 1,=25°C, C,=15 pF, t=t}=6ns | 


tpHL, tpLH Maximum Propagation 
Delay 


AC Electrical Characteristics v.,=2.0v to 6.0v, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


Ta=25°C _74HC 54HC 
Parameter Conditions an Ta=—40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 
tpH_, tpLy | Maximum Propagation 2 120 151 179 
Delay : 12 
: 10 


trun, trH_ | Maximum Output Rise ‘ 30 
and Fall Time ‘ 
Power Dissipation (per gate) 
Capacitance (Note ays 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+Icc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f + Icc. 
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National | 
Semiconductor 


MM54HC107/MM74HC107 
Dual J-K Flip-Flops with Clear 


General Description Features 


These J-K Flip-Flops utilize advanced silicon-gate CMOS _‘™ Typical propagation delay: 16 ns 
technology to achieve the high noise immunity andlow pow- _™ Wide operating voltage range: 2-6V 

er dissipation of standard CMOS integrated circuits. These —_m Low input current: 1 pA maximum 

devices can drive 10 LS-TTL loads. m Low quiescent current: 40 1A (74HC series) 
These flip-flops are edge sensitive to the clock input and =m _ High output drive: 10 LS-TTL loads 

change state on the negative going transition of the clock 

pulse. Each one has independent J, K, CLOCK, and CLEAR 

inputs and Q and Q outputs. CLEAR is independent of the 

clock and accomplished by a low level on the input. 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. — 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


ZOLOH?ZWW/ZOLOHPSIIN 


Connection Diagram. Truth Table 


Dual-In-Line Package 
Voc CLR1 CLK1 K2  CLR2 CLK2 


TL/F/5304-1 


Order Number MM54HC107* or MM74HC 107” 


*Please look into Section 8, Appendix D 
for availability of various package types. 





Logic Diagram 


TL/F/5304-3 


TL/F/5304-2 
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MM54HC107/MM74HC 107 


Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vjn) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Veo + 0.5V 
Clamp Diode Current (Ijk, lox) +20mA 
DC Output Current, per pin (Ioyt) +25 mA 
DC Vcc or GND Current, per pin (Ic¢c) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 
DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF VIL 
lout] <20 2A 


Vin = Vin OF ViL 
llout| <4.0 mA 
llout] <5.2 mA 


Vin= Vin OF Vit 
llout] $20 1A 


Maximum Low Level 
Output Voltage 


Vin= Vin OF ViL 
llout| <4.0 mA 
llout| <5.2 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HG 
MM54HC 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc=4.5V 
Voc=6.0V 


Guaranteed Limits 


3.84 
5.34 


3.7 
5.2 


0.1 0.1 
a ia 


0.4 
0.4 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 +10. 
Current 

Maximum Quiescent | Vin=Vcc or GND | 6.0V 4.0 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mwrc from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vox, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj), value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Vcc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc=5v, T,=25°C, C,=15 pF, t,=t;=6ns 


Guaranteed 
Limit 


fax Maximum Operating 
Frequency 

tpHL tpLH | Maximum Propagation 
Delay Clock to Q or Q 

tpHL tpLH_ | Maximum Propagation 
Delay Clear to Q or Q 


Minimum Hold Time 
J or K from Clock 


Minimum Setup Time, 
J or K to Clock 
Minimum Pulse Width, 
Clock or Clear 


Minimum Removal Time, 
Clear to Clock 


fea 


AC Electrical Characteristics C.=50 pF, t,= ty=6 ns (unless otherwise specified) 


Symbol 


Parameter Conditions 


fax Maximum Operating 
Frequency 


Maximum Propagation 
Delay Clock to Q or 0 


tpHL: tpLH 


Maximum Propagation 
Delay Clear to Q or Q 


tepHL tPLH 


tREM Minimum Removal Time 
Clear to Clock 


Minimum Setup Time 


J or K to Clock 


Minimum Hold Time 
Jor K to Clock 


tw Minimum Pulse Width 
Clear or Clock 


Maximum Output Rise 
and Fall Time 


trey, tTHL 


tr, ty Maximum Input Rise and 
Fall Time 





Cep Power Dissipation (per flip-flop) 
Capacitance (Note 5) 

Cin Maximum Input pF 
Capacitance 


[ ayaa8e | 74HC 54HC 
ce 25 Cc Ta= —40 to 85°C Ta= —55 to 125°C Units 


Guaranteed Limits 


MHz 
MHz 
MHz 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


ie) 
Oo 


ns 
ns 
ns 


pa 
ns 
i ns 


pF 


a oi = oO > 
omni or a oO @o 
a oe QV | as = © — 
aoanslk © oO N 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ cc Voc, and the no toad dynamic current consumption, Ils = Cpp Voc f+ Ico. 
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Z0LDHPZWW/ZOLOHPSIWWN 


MM54HC107/MM74HC107 


Typical Applications 


COUNTER ENABLE 


TO 
NEXT BIT 


N Bit Binary Ripple Counter with Enable and Reset 


N Bit Shift Register with Clear 
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TL/F/5304~4 


TL/F/5304-5 





National — 
Semiconductor 


MM54HC109A/MM74HC109A 
Dual J-K Flip-Flops with Preset and Clear 


General Description 


These J-K FLIP-FLOPS utilize advanced silicon-gate CMOS 
technology to achieve the low power consumption and high 
noise immunity of standard CMOS integrated circuits, along 
with the ability to drive 10 LS-TTL loads. 


Each flip flop has independent J, K PRESET, CLEAR and 
CLOCK inputs and Q and Q outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. 


Connection Diagram 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

m@ Typical propagation delay: 20 ns 

Wide operating voltage range: 2-6V 

@ Low input current: 1 wA maximum 

m Low quiescent current: 40 pA maximum (74HC Series) 
@ Output drive capability: 10 LS-TTL loads 


Dual-In-Line Package 
J2 K2 CLK2 PR2 


TL/F/5306-1 


Top View 
Order Number MM54HC109A* or MM74HC109A* 


*Please look into Section 8, Appendix D for availability of various package types. 


Function Table 


PR CLR CLK 


H * H* 
L H 
TOGGLE 
Qo. 00 
H L 
Qo. 60 


xIirer-eimiecKxK xo 
xiDirtirerexKxK xz 


*This is an unstable condition, and is not guaranteed. 
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V60LOHPZWW/V60LOHPSWW 


MM54HC109A/MM74HC 109A 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


if Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin. Vout) 

DC Input Voltage (Vin) —1.5 to Voc + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC 

Clamp Diode Current (Iix, lox) +20 mA MMSTIOS 

DC Output Current, per pin (IoyT) +25mA ae co hae ite 

DC Voc or GND Current, per pin (Icc) +50mA at Neo= 45V 

Storage Temperature Range (Tstg) —65°C to + 150°C Voc= 6.0V 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) : 260°C 


DC Electrical Characteristics (note 4) 


Parameter Conditions 
Guaranteed Limits 


Minimum High Level . . 1.5 
Input Voltage : : 3.15 
4.2 


Maximum Low Level 
Input Voltage** 


Minimum High Level | Vin = Vix oF Vit 
Output Voltage lout|<20 pA 


Vin = Vin OF Vit 
llout] <4.0 mA 
lout] <5.2 mA 


Maximum Low Level | Vin=Vixq or Vit 
Output Voltage llout] <20 pA 


Vin= Vin OF Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 +£1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 4.0 

Supply Current loyT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N"” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj, value at 5.5V is 3.85V.) The worst case leakage current (Ij, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no fater than Q1, CY’89. 
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AC Electrical Characteristics vcoc=5v, T,=25°C, C= 15 pF, t-=t}=6 ns 


Parameter 


Maximum Operating Frequency 


tpHL, tpLH Maximum Propagation 
Delay, Clock toQ orQ 
tpHL, tpLy Maximum Propagation _ 
Delay, Preset or Clear to Q or Q 
Minimum Removal Time, Preset or Clear to Clock 
Minimum Setup Time, J or K to Clock 
Minimum Hold Time, J or K to Clock 
Minimum Pulse Width: Preset, Clear or Clock 


V60LOHPZWW/V60LOHPSWW 


AC Electrical Characteristics CL= 50 pF, t= ty=6 ns (unless otherwise specified) 


Ta= 25°C ered tee 
Veo | TA Ta=—40to 85°C | Ta=—55to 125°C | Units 


Typ Guaranteed Limits 


2.0V 5 4 MHz 

4.5V 21 MHz 

6.0V 24 MHz 
4 


Symbol Parameter 


fmax Maximum Operating 
Frequency 


on 
—N 


tpHL: tpLH | Maximum Propagation 2.0V | 88 175 221 


Delay, Clock to Q or Q 4.5V | 18 35 4 


6.0V | 15 30 37 


tpy_, tpt | Maximum Propagation 2.0V | 115 | 230 290 
Delay, Preset or Clear 4.5V 46 


toQorQ 6.0V 39 


58 

49 

tREM Minimum Removal Time 2.0V 25 32 
Preset or Clear 4.5V 5 6 

to Clock 6.0V 4 5 


ts Minimum Setup Time 2.0V 100 126 


4.5V 20 25 
17 21 
80 100 
16 20 
14 18 


75 95 
4.5V 15 19 
6.0V 13 16 


tr, tf Maximum Input Rise and 2.0V 1000 1000 
Fall Time 4.5V 500 500 


J or K to Clock 


23 
20 
6.0V = 

tH Minimum Hold Time 2.0V 
Clock to J or K 4.5V 
6.0V 

30 

9 

8 

25 

7 

6 


2.0V 
4.5V 
6.0V 


2.0V 


tw Minimum Pulse Width 
Clock, Preset or Clear 


trLH, trHL | Output Rise and 
Fall Time 


6.0V 400 400 


Cpp Power Dissipation (per flip-flop) 
Capacitance (Note 5) 

Cin Maximum Input 10 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+!cc Vcc, and the no load dynamic current consumption, lg =Cpp Voc f+ Icc- 
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MM54HC112/MM74HC112 


National | 
Semiconductor 


MM54HC112/MM74HC112 
Dual J-K Flip-Flops with Preset and Clear 


General Description 


These high speed (30 MHz minimum) J-K Flip-Flops utilize 
advanced silicon-gate CMOS technology to achieve the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS-TTL loads. 

Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and Q and Q outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre- 
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 


Connection and Logic Diagrams 


Dual-in-Line Package 


Voc CLR1 CLR2 CLK2 K2 J2 


TL/F/5307-1 
Top View 


Order Number MM54HC112* or MM74HC112* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5307-2 





The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis-' 
charge by internal diode clamps to Vcc and ground. 


Features 

m Typical propagation delay: 16 ns 

m Wide operating voltage range 

m Low input current: 1 »A maximum 

m Low quiescent current: 40 nA (74HC Series) 
@ High output drive: 10 LS-TTL loads 


Truth Table 


[inputs | Outputs | 


H oL 
L oH 
OE 
Qo a0 


H L 
ik H 
TOGGLE 
Qo QO 


J 
X 
X 
X 
L 
H 
L 
H 


<x Deere uhR mK KIRK 


*This is an unstable condition, and is not guaranteed 


TL/F/5307-3 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availabllity and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I|K, lox) 

DC Output Current, per pin (lout) 

DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (TstG) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Veo + 1.5V 
—0.5 to Veo + 0.5V 

+20mA 
+25mA 
£50 mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Conditions se 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


VIN= Vik OF ViL 
llourl $20 pA 


Vin= Vin OF Vit 
llout| <4.0 mA 
Nour] <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
lloutl<20 pA 


Vin= Vin OF ViL 
lloytl <4.0 mA 
llout|<5.2 mA 


Maximum Input Vin=Vcc or GND | 6.0V ae 1 +1.0 £1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 4.0 

Supply Current louT=90 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: - 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current (hn, Icc, and 
Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Viz limits are currently tested at 20% of Voc. The above Vi. specification (30% of Vcc) will be implemented no later than Q1, CY’89. 


Ta=25°C Ta= 
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Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC . 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Voc=4.5V 
Vec=6.0V 


74HC 54HC 
—40to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 


1.5 
3.15 





ZL LOHPZWW/7LLOHPSIIAN 


MM54HC112/MM74HC112 


AC Electrical Characteristics vcc=sv, T,=25°C, C, =15 pF, t,=t;=6 ns 


Symbol__| Parameter | Conditions | Typ | Guaranteed Limit | Unit 


{Max Maximum Operating MHz 
Frequency 


tpHL tpLH Maximum Propagation ns 
Delay, Clock to Q or © 


Maximum Propagation ns 
Delay, Clear to Q orQ 


Maximum Propagation ns 
Delay, Preset to Q or Q 


tREM Minimum Removal Time, 10 20 ns 
Preset or Clear to Clock 

ts Minimum Setup Time ns 
J or K to Clock 

tH Minimum Hold Time ns 
J or K from Clock 

tw _ Minimum Pulse Width ns 
Clock Preset or Clear 


AC Electrical Characteristics c, =50 pr, t,=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Symbol Parameter Conditions AX Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
ye | Guaranteed Limits 


tpHL: tpLH 


teHL tPLH 


tPHL, sie 
tPHL tpLH 
tPHL: tpLH 
tREM 


ts 


ty Minimum Hold Time 
J or K from Clock 


Cpp 


Cin 


Maximum Propagation 
Delay, Clock to Q or Q 


Maximum Propagation 
Delay, Clear to Q or Q 


Maximum Propagation 
Delay, Preset to Q orQ 


Minimum Removal Time 
Preset or Clear 
to Clock 


Minimum Setup Time 
J or K to Clock 


Minimum Pulse Width 
Preset, Clear or Clock 





2.0V | 55 A 
4.5V] 11 
6.0V | 9.4 


trtH, trHL | Maximum Output Rise 
and Fall Time 

tr, ty Maximum Input Rise and 
Fall Time 


fmax Maximum Operating 2.0V MHz 
Frequency 4.5V i ie MHz 
6.0V | 53 31 MHz 

on 


2.0V : = i 
4.5V 
6.0V 
2.0V a ves 
4.5V 
6.0V 
2.0V ai es a 
4.5V 
6.0V 


ye 150 
30 
= 25 


2.0V 1 oe 1 = 

4.5V 

6.0V 

2.0V 

4.5V 

6.0V 

2.0V 100 120 
4.5V ic 20 24. 
6.0V 8 20 
2.0V | 30 

45V1 8 15 

6.0V} 7 13 

2.0V 1000 

4.5V 500 

6.0V 400 


Power Dissipation (per flip-flop) 
Capacitance (Note 5) 


MaximumInput Capacitance | | | s|w ] | + 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 
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Typical Applications 


N Bit Presettable Ripple Counter with Enable and Reset 


DATA C DATA B 
COUNTER ENABLE 


Q a | 


TO 
NEXT BIT 


N Bit Parallet Load/Serlal Load Shift Register with Clear 


DATA B 
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PRESET 


TL/F/5307-4 


TL/F/5307-5 





ZLLOHPZINA/ZELOHPSAW 


MM54HC113/MM74HC113 


National © 
Semiconductor 


MM54HC113/MM74HC113 


Dual J-K Flip-Flops with Preset 


General Description 


These high speed J-K Flip-Flops utilize advanced silicon- 
gate CMOS technology to achieve the high noise immunity 
and low power dissipation of standard CMOS integrated cir- 
cuits. These devices can drive 10 LS-TTL loads. 

These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independent J, K, CLOCK, and PRE- 
SET inputs and Q and Q inputs. PRESET is independent of 
the clock and accomplished by a low level on the input. 


The 54HC/74HC logic family is functionally as well as pin- 


Connection Diagram and Truth Table 


Dual-In-Line Package 
Vcc CLK 2 K2 J2 PR2 


TL/F/5073-1 
Top View 
Order Number MM54HC113* or MM74HC113* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Logic Diagram 


out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Voc and ground. 


Features 

m Typical propagation delay: 16 ns 

g@ Wide operating voltage range: 2-6V 

m@ Low input current: 1 wA maximum 

m Low quiescent current: 40 pA (74HC Series) 
@ High output drive: 10 LS-TTL loads 


TL/F/5073-2 


(1 of 2) 
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Absolute Maximum Ratings (notes 1 @ 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I), lox) 

DC Output Current, per pin (IquyT) 

DC Vcc or GND Current, per pin (loc) 
Storage Temperature Range (TstaG) 


Power Dissipation (Pp) 
(Note 3) 


—0.5 to +7.0V 
—1.5 to Voc t+ 1.5V 
—0.5 to Voc + 0.5V 

+20mA 
+25mA 
+50 mA 
—65°C to + 150°C 


600 mW 


500 mW 
260°C 


S.O. Package only 
Lead Temp. (T,) (Soldering 10 seconds) 


DC Electrical Characteristics (note 4) 


Parameter 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin oF Vit 
lout] <20 pA 2.0V 
4.5V 


6.0V 


4.5V 
6.0V 


2.0V 
4.5V 


Vin= Vin oF VIL 
llout|<4.0 mA 
llout|<5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin OF Vit 
lout] $20 pA 


6.0V 
ViIN= Vin OF VIL 
Nout|<4.0 mA 


4.5V 
llout|<5.2 mA 6.0V 
Maximum Input Vin=Vcoc or GND | 6.0V 
Current 
Maximum Quiescent | Vin=Vcc or GND 
louT=0 pA 


Supply Current 


1.5 1.5 
3.15 3.15 
; 4.2 


2.0 
4.5 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin. Vour) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 
Input Rise or Fall Times 
(tr, te) Voc=2.0V 
Vcc=4.5V 
Voc =6.0V 


—40 
—55 


j 74HC 54HC 
o | TAT?28° | +,=-40to ssc | Ta=—55 to 128°C | Units 


Guaranteed Limits 


4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 


1.9 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi and Vj_ occur at Voc = 5.5V and 4.5V respectively. (The Vij value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vj specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC113/MM74HC113 


AC Electrical Characteristics voc=5v, T,=25°C, C,=15 pF, t-=t=6 ns 


Symbol Parameter Conditions Guaranteed 
Limit 
fMax Maximum Operating 
Frequency 
tpHL, tpLH Maximum Propagation Delay, 
Clock toQ or Q 
tpHt, tepLH Maximum Propagation Delay, 
Preset toQ orQ 
Minimum Removal Time, 10 
Preset to Clock 
Minimum Setup Time, 
Jor K to Clock 
ty Minimum Hold Time, 
J or K from Clock 
tw Minimum Pulse Width, 
Preset, Clear or Clock 
AC Electrical Characteristics C..=50 pF, tp=ty=6 ns (unless otherwise specified) 


74HC 54HC 
Symbol Parameter = —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


fax Maximum Operating MHz 
Frequency MHz 
MHz 


teHL tpLH | Maximum Propagation . ns 
Delay, Clock toQ or Q : ns 


ns 


tepHL: tpLH | Maximum Propagation f ns 
Delay, Preset to Q or Q : ns 

ns 

tREM Minimum Removal Time : ns 
Preset to Clock A ns 

ns 

Minimum Setup Time : ns 

J or K to Clock : ns 

ns 

ty Minimum Hold Time H ns 
J or K from Clock : ns 

ns 

tw Minimum Pulse Width, H ns 
Preset, Clear or Clock : ns 

ns 


trLH: ttHL | Maximum Output Rise i ns 
and Fall Time : ; ns 
ns 


tr, ti Maximum Input Rise and ns 
Fall Time 


Cpp Power Dissipation (per flip-flop) pF 
Capacitance (Note 5) 
Cin Maximum Input Capacitance oe a a pe 40. pF 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+Icc Voc, and {__10_| no load dynamic current consumption, Ils = Cpp Voc f+ Ioc. 
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Typical Applications 


N Bit Presettable Binary Ripple Counter with Enable 


DATA C DATA B 
COUNTER ENABLE 


PRESET 
J Q PRESET 


TO 
NEXT BIT 


TL/F/5073-3 


N Bit Parallel Load/Serial Load Shift Register 


DATA B 


PRESET PRESET 4 


TL/F/5073-4 
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MM54HC123A/MM74HC123A 


National © 
Semiconductor 


MM54HC123A/MM74HC123A 
Dual Retriggerable Monostable Multivibrator 


General Description 


The MM54/74HC123A high speed monostable multivibra- 
tors (one shots) utilize advanced silicon-gate CMOS tech- 
nology. They feature speeds comparable to low power 
Schottky TTL circuitry while retaining the low power and 
high noise immunity characteristic of CMOS circuits. 


Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input,. either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC123 can be 
triggered on the positive transition of the clear while A is 
held low and B is held high. 


The ’HC123A is retriggerable. That is it may be triggered 
repeatedly while their outputs are generating a pulse and 
the pulse will be extended. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 


Connection Diagram 


Dual-In-Line Package 


Rextt 


Vec Cextr = Cex 


Rextz GND 
Cext 


TL/F/5206-1 


Cextz 


Top View 
Order Number MM54HC123A* or MM74HC123A* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


put pulse equation is simply: PW =(Rext) (Cex); where PW 
is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Voc and ground. 


Features 

@ Typical propagation delay: 25 ns 

m Wide power supply range: 2V-6V 

m Low quiescent current: 80 »A maximum (74HC Series) 

@ Low input current: 1 A maximum 

m@ Fanout of 10 LS-TTL loads 

a Simple pulse width formula T = RC 

m Wide pulse range: 400 ns to © (typ) 

m Part to part variation: +5% (typ) 

@ Schmitt Trigger A & B inputs enable infinite signal input 
rise and fall times. 


Timing Component 
Vec 


Note: Pin 6 and Pin 14 must be 
hard-wired to GND. 
Cext 


TOCexr = = 10. R/Cexr 
TERMINAL TERMINAL 


" TL/F/5206-2 


= High Level 
Low Level 

= Transition from Low to High 
Transition from High to Low 
One High Level Pulse 

= One Low Level Pulse 

= Irrelevant 





Absolute Maximum Ratings (notes 1 a 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to + 7.0V 
DC Input Voltage (Vin) —1.5V to Voc + 1.5V 
DC Output Voltage (Vout) —0.5V to Voc + 0.5V 
Clamp Diode Current (lyk, lox) +20 mA 
DC Output Current, per pin (lou7) +25mA 
DC Vcc or GND Current, per pin (loc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (Note 4) 
Parameter 


Minimum High Level Input 
Voltage 


Conditions oe 


2.0V 
4.5V 


6.0V 


Maximum Low Level Input 
Voltage 


2.0V 
4.5V 


6.0V 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lout] < 20 2A 


2.0V 


4.5V 
6.0V 


Vin= Vin oF Vit 
llout| < 4.0 mA 
lloutl< 5.2 mA 


Vin = Vin or Vit 
lloutl $20 pA 


Maximum Low Level 
Output Voltage 


4.5V 
6.0V 


2.0V 


4.5V 
6.0V 


ViN= Vin OF Vit 
lout] <4 mA 
\lour| <5.2 mA 


elk 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(Clear Input) 
(t,t)  Vcoc=2.0V 
Voc = 4.5V 
Vcc = 6.0V 


—40 
—55 


74HC 54HC 
— 40 to 85°C | Ta = —55 to 125°C | Units 


Guaranteed Limits 


4.5V 0.26 0.33 0.4 
6.0V 0.26 0.33 0.4 


Maximum Input Current Vin= Vcc or GND | 6.0V +0.5 +5.0 +5.0 
(Pins 7, 15) 

Maximum Input Current Vin= Voc or GND | 6.0V +01 0 0 
(all other pins) 

Maximum Quiescent Supply | Vin=Vcc or GND | 6.0V 160 
Current (standby) louT=0 pA 


Maximum Active Supply 
Current (per 
monostable) 


Vin= Voc or GND 


2.0V 
R/Cext=0.5Vcc | 4.5V 
6.0V | 0.7 


36 
0.33 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation Temperature Derating: 

Plastic “N” Package: — 12mW/°C from 65°C to 85°C 

Ceramic “J” Package: —12mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst-case output voltages (Voy, VoL) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst-case Vj4 and Vi_ occur at Vcc =5.5V and 4.5V respectively. (The Viy value at 5.5V is 3.85V.) The worst-case leakage current (lin, loc, and 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC123A/MM74HC123A 


<— Electrical Characteristics ee ee C_=15 pF, tay=6 ns 


| Parameter | typ | Limit | units | 


—— Maximum Trigger Propagation Delay 
A, B or Clear to Q 

tPHL Maximum Trigger Propagation Delay 
A, B or Clear toQ 


Maximum Propagation Delay, Clear to Q Pe a 
Maximum Propagation Delay, Clear to 0 es eee 
ty | Minimum Pulse Width, A,B or Clear ET iacarron 
Minimum Clear Removal Time |__| | 0 | 


twaq(min) | Minimum Output Pulse Width CexT = 28 pF 
Rext=2kQ 
Output Pulse Width Cex7 = 1000 pF 
Rext=10 kN 
AC Electrical Characteristics C_=50 pF t,=t;=6 ns (unless otherwise specified) 


Ta=25C] __ Tae 54HC 
Symbol Parameter a — 40 to 85°C tan reer to 125°C| Units 


| GuaranteedLimits Limits 
tpLH Maximum Trigger Propagation 194 210 ns 
Delay, A, B or Clear toQ z ns 
ns 
tPpHL Maximum Trigger Propagation A ns 
Delay, A, B or Clear toQ ; . ns 
ns 


tPHL Maximum Propagation Delay i ; ns 
Clear to Q : ns 
ns 


tpLy Maximum Propagation Delay é ns 
Clear toQ : ns 
ns 


tw Minimum Pulse Width 3 ns 
A, B, Clear : ns 
ns 


Minimum Clear J ns 
Removal Time : ns 
ns 


tTLH, trHL| Maximum Output ‘ ns 
Rise and Fall Time : ns 
ns 


twain) | Minimum Output Cext = 28 pF : 1.5 ps 
Pulse Width Rext=2 ka .5V| 450 ns 
Rext=6 kn ine 2V) |6.0V} 380 ns 


twa | Output Pulse Width Cext=0.4 uF Fe ms 
Rext=10k0 |max_[s.ov] 1 [ta] tae | tats | ms 


Cin Maximum Input 12 
Capacitance (Pins 7 & 15) 

Cin Maximum Input 
Capacitance (other inputs) 

Cpp Power Dissipation (Note 5) 70 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f + Icc Voc, and the no load dynamic current consumption, Is = Cro 
Voc f + loc. 
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Logic Diagram 


Theory of Operation 
® 


VREF2 


A/Cext 


Vrer1—— Vaee1—— 


eg 


ENABLE 1 


TL/F/5206-5 


® © 


vee 


VaeF1—— VReF1—— 


aes) 


TL/F/5206-6 


ee 


® POSITIVE EDGE TRIGGER 
® NEGATIVE EDGE TRIGGER 
@ POSITIVE EDGE TRIGGER 


© POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING) 
® RESET PULSE SHORTENING 
© CLEAR TRIGGER 


FIGURE 1 


TRIGGER OPERATION 


As shown in Figure 7 and the logic diagram before an input 
trigger occurs, the one shot is in the quiescent state with the 
Q output low, and the timing capacitor Cex t completely 
charged to Vcc. When the trigger input A goes from Vcc to 
GND (while inputs B and clear are held to Vcc) a valid trig- 
ger is recognized, which turns on comparator C1 and N- 


channel transistor N1@. At the same time the output latch 
is set. With transistor N1 on, the capacitor Cext rapidly dis- 
charges toward GND until Var is reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator C1 then turns off while at the 
same time comparator C2 turns on. With transistor N1 off, 
the capacitor CextT begins to charge through the timing re- 
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MM54HC 123A/MM74HC123A 


sistor, Rext, toward Vcc. When the voltage across Ceyt 
equals VReF2, Comparator C2 changes state causing the 
output latch to reset (Q goes low) while at the same time 
disabling comparator C2. This ends the timing cycle with the 
monostable in the quiescent state, waiting for the next trig- 
ger. 


A valid trigger is also recognized when trigger input B goes 
from GND to Vcoc (while input A is at GND and input clear is 
at Vcc@). The ’'HC123A can also be triggered when clear 
goes from GND to Vcc (while A is at GND and B is at 
Voc ®). 

It should be noted that in the quiescent state Ce yt is fully 
charged to Vcc causing the current through resistor RextT to 
be zero. Both comparators are “off’’ with the total device 
current due only to reverse junction leakages. An added 
feature of the ’HC123A is that the output latch is set via the in- 
put trigger without regard to the capacitor voltage. Thus, prop- 
agation delay from trigger to Q is independent of the value 
of CexT, Rext, or the duty cycle of the input waveform. 


RETRIGGER OPERATION 


The ’HC123A is retriggered if a valid trigger occurs @ fol- 
lowed by another trigger © before the Q output has re- 
turned to the quiescent (zero) state. Any retrigger, after the 
timing node voltage at the R/Ceyry pin has begun to rise 
from Vre_eri, but has not yet reached Vpero, will cause an 
increase in output pulse width T. When a valid retrigger is 
initiated ©, the voltage at the R/Cexz pin will again drop to 
Vreri before progressing along the RC charging curve 


Typical Output Pulse Width vs. 
Timing Components 


OUTPUT PULSE WIDTH (SECONDS) 


t 
mitt coon inom ; 
0.012 O.1n 0.92 0.96 


TIMING CAPACITOR (F) 
TL/F/5206-7 


RELATIVE FREQUENCY OF OCCURRENCE 


1000p 


Minimum Rext Vs. 
Supply Voltage 


MINIMUM Rext TIMING RESISTOR (k2) 


Soe 
aimee 


2 3 4 5 6 


POWER SUPPLY (V) TL/F/5206-10 


Note: R and C are not subjected to temperature. The C is polypropylene. 


Typical Distribution of Output 
Pulse Width, Part to Part 





toward Vcc. The Q output will remain high until time T, after 

the last valid retrigger. 

Because the trigger-control circuit flip-flop resets shortly af- 

ter Cy has discharged to the reference voltage of the lower 

reference circuit, the minimum retrigger time, t,; is a function 

of internal propagation delays and the discharge time of Cy: 
187 565 + (0.256 Vcc) Cx 


tr = 20 + ————-= 
r Voc — 0.7 [Voc — 0.7]? 


Another removal/retrigger time occurs when a short clear 
pulse is used. Upon receipt of a clear, the one shot must 
charge the capacitor up to the upper trip point before the 
one shot is ready to receive the next trigger. This time is 
dependent on the capacitor used and is approximately: 


522 + (0.3 Vcc) Cx 
(Voc — 0.7)2 


640 
Voc — 0.7. 
RESET OPERATION 


These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vcc by turning on transistor Q1 ©. When 
the voltage on the capacitor reaches Vprero, the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the Q and Q outputs of the output latch will 
not change. Since the Q output is reset when an input low 
level is detected on the Clear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 


+ = 196 + 


Typical ims Pulse Width 
Variation vs. Supply 


ea 
5 [Bec=t0K0 TT 
sso cs LL 


PERCENT DEVIATION (%) 


1.00 1.04 1.06 
OUTPUT PULSE WIDTH (ns) 


POWER SUPPLY (V) 


TL/F/5206-8 TL/F/5206~9 


Typical ims Pulse Width 
Variation vs. Temperature 


PERCENT DEVIATION (%) 


65 105 125 


TEMPERATURE (°C) TL/F/5206-11 





National 
Semiconductor 


MM54HC 125/MM74HC125 
MM54HC 126/MM74HC 126 
TRI-STATE® Quad Buffers 


General Description 


These are general purpose TRI-STATE high speed non-in- 
verting buffers utilizing advanced silicon-gate CMOS tech- 
nology. They have high drive current outputs which enable 
high speed operation even when driving large bus capaci- 
tances. These circuits possess the low power dissipation of 
CMOS circuitry, yet have speeds comparable to low power 
Schottky TTL circuits. Both circuits are capable of driving up 
to 15 low power Schottky inputs. 


The MM54HC125/MM74HC125 require the TRI-STATE 
control input C to be taken high to put the output into the 
high impedance condition, whereas the MM54HC126/ 
MM74HC126 require the control input to be low to put the 
output into high impedance. 


All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Connection Diagrams 
Dual-in-Line Package 


Veco C4 A4 Y4 C3 


GND 
TL/F/5308~1 


C1 Al. Yt C2 A2 Y2 


Top View 
Order Number MM54HC125* or MM74HC125* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Tables 


| inputs | Output 
eee re 


L H 
L L 
H Z 


Features 

@ Typical propagation delay: 13 ns 

a Wide operating voltage range: 2-6V 

m@ Low input current: 1 wA maximum 

@ Low quiescent current: 80 nA maximum (74HC) 
® Fanout of 15 LS-TTL toads 


Dual-In-Line Package 


A4 Y4 C3 A3 Y3 


GND 
TL/F/5308-2 


Y1 C2 A2 Y2. 


Top View 
Order Number MM54HC 126* or MM74HC126* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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MM54HC125/MM74HC125/MM54HC126/MM74HC 126 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Milltary/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 
OC Input Voltage (V;n) —1.5 to Voc + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (VouT) " —0.5 to Veg + 0.5V MM74HC 
Clamp Diode Current (lik, lox) +20 mA MOG 
DC Output Current, per pin (lout) +35 mA ie hag y ae 
DC Voc or GND Current, per pin (ioc) +70mA (tr Wes 45V 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc=6.0V 
Power Dissipation (Pp) 
(Note 3) 600 mW 
§.0. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (ote 4) 


= 25°C 74HC _  §4Hc 
Parameter Ta=—40 to 85°C | Ta= —55 to 125°C 
5 


Ta 
Guaranteed Limits 


Minimum High Level 1 
Input Voltage : 3.15 
4.2 


Maximum Low Level : 0.5 0.5 
Input Voltage** ’ 1.35 1.35 
1.8 1.8 


Minimum High Level Vin = Vin or Vit 

Output Voltage lloyt]<20 pA : 1.9 1.9 
4.4 4.4 
5.9 5.9 


Vin= Vin OF Vit 
llout|<6.0 mA : 3.98 3.84 
llourl| <7.8 mA ; 5.48 5.34 


Maximum Low Level | Vin=Viy Or Vit 

Output Voltage llout|<20 pA : 0.1 0.1 
0.1 0.1 
0.1 


Vin= Vin OF Vit 
llout| <6.0 mA : 0.26 
\lour| <7.8 mA 0.26 


0.1 
Maximum TRI-STATE | Vin=Vixq oF Vit +0.5 +5 
Output Leakage Vout= Vcc or GND 
Current Cy = Disabled 
: 


Maximum input Vin= Vcc or GND 6.0V +0.1 
Current 

Maximum Quiescent | Vin=Vcoc or GND 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vox, and Vo;) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj4 and Vj, occur at Voc = 5.5V and 4.5V respectively. (The Vj, value at 5.5V is 3.85V.) The worst case leakage current (ix, loc, and 
loz) occur for CMOS at the higher voitage and so the 6.0V values should be used. 


**Vii limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY'89. 


1.0 
160 
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AC Electrical Characteristics voc=sv, T,=25°C, C= 45 pF, t-=t;=6 ns 


Guaranteed 
tpHL tpLH Maximum 13 
Propagation Delay Time 
tpzH Maximum RL=1ka 
Output Enable Time to High Level 
tpHz Maximum RL=1 kn 
Output Disable Time from High Level CL=5 pF 
tpz, Maximum RL =1.k0 
Output Enable Time to Low Level 
tpLz Maximum R_=1ko 13 
Output Disable Time from Low Level CL= 


AC Electrical Characteristics Vec= 2.0V to 6.0V, C, =50 pF, t,= t-=6 ns (unless otherwise specified) 


Temperature °C 
: salen 74HC 54HC 
Symbol Parameter Conditions —40to 85°C | —55 to 125°C Units 
Guaranteed Limits 


tpHL, tpLy | Maximum Propagation 
Delay Time 


tpLH, tpH_ | Maximum Propagation CL= 150 pF 
Delay Time 


9ZLDHPZININ/9ZLOHPSWIN/S2LOHPZN/SCLOHPSIIN 


tpzH, tpz_ | Maximum Output RL=1k2 
Enable Time 

tpyz, tp_z | Maximum Output Rp=1k0 
Disable Time 


tpz., tpzH | Maximum Output CL= 150 pF 
Enable Time RL=1 ka 





tttH. ttHL | Maximum Output 
Rise and Fall Time 


Cw | mputCapacitance | | | | to | to 
Cour ieeaceunmiane |e oa oe ae 


Cpp Power Dissipation (per gate) 
Capacitance (Note 5) Enabled 
Disabled 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+Icc. 
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MM54HC 132/MM74HC 132 


National | 7 
Semiconductor 


PRELIMINARY 


MM54HC132/MM74HC132 Quad 2-Input 


NAND Schmitt Trigger 


General Description 


The MM54HC132/MM74HC132 utilizes advanced silicon- 
gate CMOS technology to achieve the low power dissipation 
and high noise immunity of standard CMOS, as well as the 
capability to drive 10 LS-TTL loads. 

The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Connection and Logic Diagrams 


Features 


@ Typical propagation delay: 12 ns 

m@ Wide power supply range: 2V~6V 

@ Low quiescent current: 20 4A maximum (74HC Series) 
@ Low input current: 1 2A maximum 

m Fanout of 10 LS-TTL loads 

Typical hysteresis voltage: 0.9V at Voc=4.5V 


Dual-In-Line Package 


ND 
¢ TL/F/5309-1 


Top View 


Order Number MM54HC132* or MM74HC132* 
*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/5309-2 





3-98 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vix) —1.5 to Veo + 1.5V 
DC Output Voltage (Voy) —0.5 to Voc + 0.5V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vins Vout) 
Operating Temp. Range (Ta) 
MM74HC —40 
MM54HC —55 


Clamp Diode Current (I|K, lox) +20mA 
DC Output Current, per pin (Iu) +25 mA 
DC Vcc or GND Current, per pin (Icc) +50mA 
Storage Temperature Range (Tstg) = —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


CELOHPZWW/CELOHPSWW 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


| Typ | 


Positive 
Going Threshold Voltage 


74HC 54HC 
= — 40 to 85°C | Ta = —55 to 125°C | Units 


Guaranteed Limits 


2.0V 0 1.0 
4.5V b 2.0 
6.0V 3.0 3.0 
2.0V 1.5 1.5 
4.5V 3.15 3.15 
6.0V 
2.0V 
4.5V 
6.0V 


Negative Going 
Threshold Voltage 


2.0V 
4.5V 
6.0V 
2.0V 
4.5V 
6.0V 


Hysteresis Voltage 


Max | 2.0V 
4.5V 
6.0V 
Vin= Vi OF Vit 
llout|<20 pA 2.0V | 2.0 
4.5V} 4.5 
6.0V } 6.0 


Minimum High Level 
Output Voltage 


Vin = Vin OF ViL 
four] $4.0 mA 4.5V | 4.2 | 3.98 3.84 3.7 
lout|<5.2 mA 6.0V | 5.7 | 5.48 5.34 5.2 
Vin= Vin or Vit 
lloutl<20 pA 2.0V 0.1 

4.5V 0.1 

oa 0.1 





Maximum Low Level 
Output Voltage 


ViN= Vin OF ViL 
lout} $4.0 mA 4. sy | 02 
lout| <5.2 mA 6.0V 


Maximum Input Vin=Vcc or GND 6.0V +0.1 +1.0 
Current 

Maximum Quiescent Vin= Vcc or GND 6.0V 

Supply Current louT=9 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating --- plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mMW/*C from 100°C to 125°C. 
Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi occur at Vcc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HC132/MM74HC 132 


AC Electrical Characteristics voc=5sv, T,=25°C, C_=15 pF, t-=t;=6 ns 


symbol Parameter Conditions Limit 
tpHL tpLH Maximum Propagation 
Delay 


AC Electrical Characteristics voc=2.0v to 6.0v, C,=50 pF, t;=t;=6 ns (unless otherwise specified) 


$-ene 74HC 54HC 
Parameter Voc ie Ta=—40to 85°C | Ta=—55 to 125°C 


Guaranteed Limits 










Guaranteed 
















ns 
ns 


teHL teLH 






Maximum Propagation 
Delay 










Maximum Output Rise 
and Fall Time 


ttLH tTHL 










Maximum Input 
Capacitance 
Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Icc Voc, and the no load dynamic current consumption, ls =Cpp Voc f+ Icc. 
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National 
Semiconductor 


MM54HC133/MM74HC133 13-Input NAND Gate 


General Description 


This NAND gate utilizes advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. All gates have buffered outputs. All devices 
have high noise immunity and the ability to drive 10 LS-TTL 
loads. The 54HC/74HC logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. Alt inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Connection and Logic Diagrams 


Features 

m Typical propagation delay: 20 ns 

m Wide power supply range: 2-6V 

mw Low quiescent current: 20 2A maximum (74HC Series) 
@ Low input current: 1 2A maximum 

t Fanout of 10 LS-TTL loads 


Dual-tn-Line Package 


TL/F/5134-1 


Top View 


Order Number MM54HC133* or MM74HC133* 
*Please look into Section 8, Appendix D for availability of various package types. 


A L>o 

B >o—} > 

c > 
0 
So 
So 
0 
So 
So 
So 
pee 
So 
0 


TL/F/5134-2 
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MM54HC133/MM74HC133 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) ~0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Veo + 1.5V 
DC Output Voltage (Vout) —0.5 to Veo + 0.5V 
Clamp Diode Current (Ik, lox) +20 mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (TstG) ~—65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 
Parameter Vcc 


Minimum High Level . 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


ViN= Vin OF ViL 
lout] <20 pA 


Vin= Vin OF Vit 
llout|<4.0 mA 
llout|<5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin 
llouT|<20 pA 


Vin=VIH 
llout|<4.0 mA 
llout| <5.2 mA 


Maximum Quiescent 
Supply Current 


Vin= Vcc or GND 
louT=0 pA 


2.0V 
4.5V 
6.0V 
2.0V 
4.5V 
6.0V 
2.0V 
4.5V 
6.0V 
4.5V 
6.0V 
2.0V 
4.5V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin: Vout). . 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc = 4.5V 
Voc =6.0V 


Guaranteed Limits 


1.5 
3.15 
4.2 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ““N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi} and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (ln, loc, and 
Ioz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Vcc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voco=5v, Ta=25°C, CL =15 pF, t-=t;=6 ns 


Guaranteed 
Parameter 
ae 


Maximum Propagation Delay re 


AC Electrical Characteristics vc¢=2.0v to 6.0V, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


See 74HC 54HC 
Parameter Conditions | Vcc ‘a —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 


Maximum Propagation 3 oa 190 
Delay ; 23 
18 


Maximum f 25 
Output Rise and d 
Fall Time 


Power Dissipation 34 
Capacitance (Note 5) 
MaximuminputCapacitance {| =| 5 [to] | tT 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ Icc. 
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CELOHPZWW/EELOHPSA 


MM54HC137/MM74HC 137 


National — 
Semiconductor 


MM54HC137/MM74HC 137 3-to-8 Line 
Decoder With Address Latches 
(Inverted Output) 


General Description 


This device utilizes advanced silicon-gate CMOS technolo- 
gy, to implement a three-to-eight line decoder with latches 
on the three address inputs. When GL goes from low to 
high, the address present at the select inputs (A, B and C) is 
stored in the latches. As long as GL remains high no ad- 
dress changes will be recognized. Output enable controls, 
Gi and G2, contro! the state of the outputs independently of 
the select or latch-enable inputs. All of the outputs are high 
unless G1 is high and G2 is low. The HC137 is ideally suited 
for the implementation of glitch-free decoders in stored-ad- 
dress applications in bus oriented systems. 


The 54HC/74HC logic family is speed, function and pin-out 


- compatible with the standard 54LS/74LS logic family. All 


inputs are protected from damage due to static discharge by 
diodes to Voc and ground. 


Features 

@ Typical propagation delay: 20 ns 

g@ Wide supply range: 2-6V 

uw Latched inputs for easy interfacing. 
mg Fanout of 10 LS-TTL toads. 


Connection and Functional Block Diagrams 


Dual-in-Line Package 


DATA OUTPUTS sect | , (2) 


INPUTS 


Veo YO Yt Y2 Y3 Y4 Y5 Y6 


Te 


ENABLE 
inputs“) 62 


OUTPUT 
TL/F/5310-1 


SELECT ENABLE 


61 
Order Number MM54HC137* 
or MM74HC137* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


DATA 
OUTPUTS 


(7) 7 


TL/F/5310-2 
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Absolute Maximum Ratings (notes 1 & 2) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I), lox) 

DC Output Current, per pin (Igy) 

DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (Tstq) 


Power Dissipation (Pp) 
(Note 3) 
‘S.0. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Veo + 1.5V 
—0.5 to Voc + 0.5V 

£20 mA 
+£25mA 
+50 mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (Note 4) 


jmme | ome |e 
Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 
Maximum Low Level 2.0V 
Input Voltage** 4.5V 

6.0V 


Minimum High Level 
Output Voltage 


Vin= Vin OF ViL 
[lout] <4.0 mA 
llour| <5.2 mA 


Maximum Low Level 
Output Voltage 


ViN= Vin or ViL 
llout|<4.0 mA 
llourl <5.2 mA 


Vin= Vin oF Vit 
llouTl <20 pA 


2.0V 
4.5V 
6.0V 


Vin= Vin or Vit 
Houtl<20 pA 


2.0V 
4.5V 
6.0V 


Ta=25°C | + _40t0 85°C 
Typ 


Operating Conditions 
Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 
(Vin, Vout) 

Operating Temp. Range (Ta) 
MM74HC —40 
MM54HC —55 

Input Rise or Fall Times 
(t,t) == Voc=2.0V 

Voc =4.5V 
Voc=6.0V 


54HC 
Ta = —55 to 125°C 


Guaranteed Limits 


74HC 


1.5 
3.15 

4.2 é : 
0.5 : 0.5 
1.35 1.35 
1.8 . 1.8 


2.0 
4.5 
6.0 


4.5V 3.98 
6.0V 5.48 


1.9 : 1.9 
4.4 : 4.4 


5.9 5.9 
3.7 
5.2 


0.1 : 0.1 
0.1 . 0.1 
0.1 . : 


4.5V 0.26 
6.0V 0.26 


0.1 
0.4 
0.4 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 
Current 

Maximum Quiescent | Vin=Vcc or GND | 6.0V 

Supply Current louT=9 pA 





ZELOHPZAW/ZELOHPSAIN 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘‘J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi} and Vi_ occur at Vcc = 5.5V and 4.5V respectively. (The V;4 value at 5.5V is 3.85V.) The worst case leakage current (lin, Icc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC 137/MM74HC137 


AC Electrical Characteristics vcc=sv, T,=25°C, Om 8 pF, t-=ts=6ns - 


teLH Maximum Propagation Delay, A, B or C to any Y Output — 
tpHL Maximum Propagation Delay, A, B or C to any Y Output eae: ee ae eee eee ns 
tpLy Maximum Propagation Delay G2 to any Y Output ae Ce ee ee eee ns 


tPpHL Maximum Propagation Delay G2 to any Y Output ns 
tpLH Maximum Propagation Delay G1 to any Output ns , 
teHL Maximum Propagation Delay GL to any Output ns 
teLy Maximum Propagation GL to Output ns 
teu Maximum Propagation Delay GL to Output ns 
Minimum Setup Time at A, B and C Inputs : - ons 
Minimum Hold Time at A, B and C Inputs 
Minimum Pulse Width of Enabling Pulse at GL 


AC Electrical Characteristics C_=50 pF, t-=t;=6 ns (unless otherwise specified) 
Ta=25°C 74HC 54HC 
Symbol! Parameter Conditions | Vcc Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
te | Guaranteed Limits 
teLH Maximum Propagation Delay 2.0V 170 214 ns 
A, B or C to any Y Output 4.5V 7 34 43 ns 
; 6.0V | 14 | 29 36 ns 
tpHL Maximum Propagation Delay 2.0V 240 302 358 
A, Bor C to any Y Output 4.5V 
6.0V 
tpLy Maximum Propagation Delay 2.0V 
G2 to any Y Output 4.5V 
6.0V 
teLH Maximum Propagation 2.0V 
Delay G1 to Output 4.5V 
6.0V 
tpHL Maximum Propagation 2.0V yn 
Delay G1 to Output 4.5V 
6.0V a3 
teLH Maximum Propagation 2.0V eh 
Delay GL to Output 4.5V 
6.0V 
teHL Maximum Propagation 2.0V Me 
Delay GL to Output 4.5V 
6.0V 
teHL Maximum Propagation Delay 2.0V 
G2, to any Y Output 4.5V 
6.0V 
ts Minimum Setup Time 2.0V ne ee 
at A, B and C inputs 4.5V 
6.0V 
tH Minimum Hold Time 2.0V 50 
at A, B and C inputs 4.5V - 
6.0V 
tTLH. ttHL | Output Rise and 2.0V . 
Fall Time 4.5V 
6.0V 
Minimum Pulse Width 2.0V 
of Enabling Pulse at GL 4.5V 
6.0V 
Cpp Power Dissipation 75 
Capacitance (Note 5) 


Cin Maximum Input Capacitance ae) sees 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp ts ft+icc 10 and the no load _ 0 current consumption, —_0____ Cpep Voc f+ Icc. 








1 
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Typical Application 


STROBE 
DECODER ENABLE 


A G2 Gl 


YO Yl ¥2 ¥3 ¥4 YS Y6 Y7 


Oo O 


ZELOHP ZN /ZELOHPSWAN 


INPUT 
ADDRESS 


TO FIVE 
OTHER 
DECODERS 


c BA 62 GI 6L c BOA G2 Gl 
YO YI Y¥2 Y3 Y4 Y5 Y6 Y7 YO Yt Y2 ¥3 ¥4 Y5 Y6 Y7 
012 3 4 5 6 7 


OUTPUTS 
TL/F/5310-3 


6-Line to 64-Line Decoder with Input Address Storage 


Truth Table 


L G1 G2|c B A|Yo Y1 Y2 Y3 Y4 Y5 Y6 Y7 


Qa 


Cree lyroemecocoi~KxXK 
pts es eit od br cas a oll ol Va 
| Oe Se ee We 
ge on oe = a al 





H H 


H 
Output corresponding to stored 
address L; all others, H 


x 
— 
x 


H = high level, L = low level, X = irrelevant 
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MM54HC138/MM74HC138 





National 
Semiconductor 


MM54HC138/MM74HC138 
3-to-8 Line Decoder 


General Description 


This decoder utilizes advanced silicon-gate CMOS techno!- 
ogy, and is well suited to memory address decoding or data 
routing applications. The circuit features high noise immuni- 
ty and low power consumption usually associated with 
CMOS circuitry, yet has speeds comparable to low power 
Schottky TTL logic. 

The MM54HC138/MM74HC138 has 3 binary select inputs 
(A, B, and C). If the device is enabled these inputs deter- 
mine which one of the eight normally high outputs will go 
low. Two active low and one active high enables (G1, G2A 
and G2B) are provided to ease the cascading of decoders. 


Connection and Logic Diagrams 


Dual-In-Line Package 
DATA OUTPUTS 


Y7 GND 
OUTPUT 
ENABLE 


TOP VIEW 
TL/F/5120-1 


Order Number MM54HC138* 


or MM74HC138* 


*Please look into Section 8, Appendix D for 
availability of various package types. 


Truth Table 
| Enable | Select _ 


The decoder’s outputs can drive 10 low power Schottky TTL 
equivalent loads, and are functionally and pin equivalent to 
the 54LS138/74LS138. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc and ground. 


Features | 

m Typical propagation delay: 20 ns 

m Wide power supply range: 2V-6V 

g Low quiescent current: 80 pA maximum (74HC Series) 
@ Low input current: 1 »A maximum 

@ Fanout of 10 LS-TTL loads 


sIelel 


dee 


TL/F/5120-2 


[Gi G2 |c B alyYo v1 Y2 Y3 Y4 Y5 Y6 Y7| 





Ceroereereoroecox*KE 
TrrrreeeKRX 
EE ere Loe «xs 
mGreumurtrereirx~x< 
GrTTrTIrTIrTITrTrTeriéist 


Xx 
L 
H 
H 
H 
H 
H 
H 
H 
H 
G 


2=G2A+G2B 


* 


ZTITIITIOKHTrTTT 
TrIrTTrTrererzTciéeT 
pa ge es ee ee ee ee ee ee 
DITrrTertTrTrTrégTt 
IrtrerrrririTriTTt 
i peel Ss RS! Dees Gg Ke BE 
rFrorirrrrigTriTTs 


H=high level, L=low level, X=don’'t care 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 

DC Input Voltage (Vin) —1.5 to Veo + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC —40 
Clamp Diode Current (Ix, Iox) +20 mA MMSIHIG =e 
DC Output Current, per pin (lout) +25mA Input Z i ie, 

DC Vcc or GND Current, per pin (Icc) +50 mA (tr ee rote 

Storage Temperature Range (Tstq) —65°C to + 150°C Voc = 6.0V 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


SELOHPZNIN/SELOHPSWW 


DC Electrical Characteristics (note 4) 


Parameter Conditions = a 
Guaranteed Limits 


Minimum High Level 
Input Voltage 


alll a 


1.5 
3.15 
4.2 


Input Voltage** 


Minimum High Level | Vin=Vin or Vit 
Output Voltage llout|<20 pA 


Vin= Vin OF Vit 
llourl <4.0 mA 
llout|<5.2 mA 


Maximum Low Level | Vin=Vinq or ViL 
Output Voltage lloyt| <20 pA 


Vin = Vin OF Vit 
llout| <4.0 mA 
lloyt|<5.2 mA 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viz and Vi, occur at Vcc = 5.5V and 4.5V respectively. (The Vjy value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Vcc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC138/MM74HC 138 


AC Electrical Characteristics voo=5v, T,=25°C, C,=15 pF, t-=t;=6 ns 


Guaranteed 
1! 
| symbot | __Parameter____|conatons | typ | Seman | uns | 
teLH Maximum Propagation 18 
. Delay, Binary Select to any Output 

tPHL Maximum Propagation 

Delay, Binary Select to any Output 
tpH_, tpLy | Maximum Propagation 18 

Delay, G1 to any Output 


Maximum Propagation 


Delay G2A or G2B to 
Output 





Maximum Propagation 
Delay G2A or G2B to 
Output 


on bc 74HC 54HC 
Parameter Vee) * Ta=—40 to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 


Maximum Propagation 2.0V 189 
Delay Binary Select to 4.5V 38 
any Output Low to High 6.0V 32 


Maximum Propagation 2.0V 252 
Delay Binary Select to any 4.5V 50 
Output High to Low 6.0V 


tpH_, tpLH | Maximum Propagation 2.0V 
Delay G1 to any 4.5V 
Output 6.0V 


Maximum Propagation 2.0V 
Delay G2A or G2B to 4.5V 
Output 6.0V 


2.0V 
4.5V 
6.0V 


trLH» trHL | Output Rise and 2.0V 
Fall Time 4.5V 
6.0V 


Maximum Propagation 
Delay G2A or G2B to 
Output 


Maximum Input 

Capacitance 

Power Dissipation (Note 5) 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ Icoc Voc, and the no load dynamic current consumption, Is = Cpp Vcc f+ Icc. 


3 
75 
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National - 
Semiconductor 


MM54HC139/MM74HC139 
Dual 2-To-4 Line Decoder 


General Description 


This decoder utilizes advanced silicon-gate CMOS technol- 
ogy, and is well suited to memory address decoding or data 
routing applications. It possesses the high noise immunity 
and low power consumption usually associated with CMOS 
circuitry, yet has speeds comparable to low power Schottky 
TTL logic. 

The MM54HC139/MM74HC139 contain two independent 
one-of-four decoders each with a single active low enable 
input (G1, or G2). Data on the select inputs (A1, and B1 or 
A2, and B2) cause one of the four normally high outputs to 
go low. 

The decoder’s outputs can drive 10 low power Schottky TTL 
equivalent loads, and are functionally as well as pin equiva- 


Connection Diagram 
Dual-In-Line Package 
SELECT DATA OUTPUTS 
2¥1 2Y2 23 


10 
a 
| | OUTPUT BUFFER O 
+ jena 


5 6 
ENABLE Al B1 1¥0 1¥1 1¥2 
8 SELECT DATA OUTPUTS 


1¥3 GND 


TL/F/5311-1 
Order Number MM54HC139* or MM74HC139* 
*Please look into Section 8, Appendix D 
for availability of various package types. 


Logic Diagram 


lent to the 54LS139/74LS139. All inputs are protected from 
damage due to static discharge by diodes to Vcc and 
ground. 


Features 
m@ Typical propagation delays — 
Select to outputs (4 delays): 18 ns 
Select to output (5 delays): 28 ns 
Enable to output: 20 ns 
m Low power: 40 »W quiescent supply power 
@ Fanout of 10 LS-TTL devices 
@ Input current maximum 1 pA, typical 10 pA 


Truth Table 


*HC139 





H=high level, L=low level, X=don’'t care 


MM54HC139/MM74HC139 


SELECT 


OUTPUTS 


TL/F/5311-2 


(1 of 2) 
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6ELOHPZWIW/6ELOHPSWIW 





MM54HC139/MM74HC139 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Voc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (I)K, lox) +20mA 
DC Output Current, per pin (IoyT) +25mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.0. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 
Parameter 


2 oo 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin oF Vit 
liout| $20 wA 


2.0V 
4.5V 
6.0V 


Vin= Vin oF Vit 
llout!| <4.0 mA 


llour| <5.2 mA 6.0V 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
lout] <20 pA 2.0V 
4.5V 


6.0V 
Vin = Vin OF Vit 
llout! <4.0mA 
lout] <5.2 mA 


Ta=25°C 
Conditions Ta= 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HG 
MM54HC 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc =4.5V 
Voc =6.0V 


—40 
—55 


74HC 
—40 to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 


21 


0.4 
0.1 


4.5V 0.26 
6.0V 0.26 


Maximum Input Vin=Vcc or GND } 6.0V +0.1 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND |} 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —- 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi. occur at Voc =5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi. limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics 
Voc =5V, Ta= 25°C, C_=15 pF, t-=t=6 ns 


tpHL, tpLH | Maximum Propagation 
Delay, Binary Select to any Output 
4 levels of delay 








AC Electrical Characteristics c, =50 pr, t,=t;=6 ns (unless otherwise specified) 


sen 74HC 54HC 
Parameter a” Ta=—40to 85°C | Ta=—55to 125°C | Units 
Guaranteed Limits 


Maximum Propagation (Note 6) 2.0V i Me : vi 9 254 
Delay Binary Select to 4.5V 51 
any Output 4 levels of delay 





teHL, tpLH 














Maximum Propagation (Note 7) 2.0V 320 
Delay Binary Select to any 


Output 5 levels of delay 


teHL tPLH 











Maximum Propagation 
Delay Enable to any 4.5V - 51 
Output 6.0V 44 


tttH. trLH | Maximum Output Rise 2.0V 110 
and Fall Time 4.5V : - 
6. “pe | re 16 
Maximum Input 
Capacitance 
Power Dissipation (Note 5) oo 
Capacitance (Note 5) 
Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Icc Voc, and the no load dynamic current consumption, Ig =Cpp Voc f+ Icoc. 


Note 6: 4 levels of delay are A to Y1, Y3 and B to Y2, Y3. 
Note 7: 5 levels of delay ara A to YO, Y2 and B to YO, Y1. 


teHL tPLH 
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MM54HC 147/MM74HC 147 





National 
Semiconductor 


MM54HC 147/MM74HC 147 
10-to-4 Line Priority Encoder 


General Description 


This high speed 10-to-4 Line Priority Encoder utilizes ad- 
vanced silicon-gate CMOS technology. It possesses the 
high noise immunity and low power consumption of stan- 
dard CMOS integrated circuits. This device is fully buffered, 
giving it a fanout of 10 LS-TTL loads. 

The MM54HC147/MM74HC147 features priority encoding 
of the inputs to ensure that only the highest order data line 
is encoded. Nine input lines are encoded to a four line BCD 
output. The implied decimal zero condition requires no input 
condition as zero is encoded when all nine data lines are at 
a high logic level. All data inputs and outputs are active at 
the low logic level. 


Connection and Logic Diagrams 


Dual-In-Line Package 


> INPUTS 
OUTPUT OUTPUT 


INPUTS OUTPUTS 


TL/F/5007—-1 


Top View 


Order Number MM54HC 147* or MM74HC 147* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


ri 


-—«*—* KKK KK KK Tle 
rer KKK KKK KLIN 
rrorKeK KK KK LT iw 
rea rmtTereKcKeK KKK Tl s 
rGrriririrex<xxzrjn 
IFrTTrTTrTTiTireTxK_Ls\|e 
TrTrToiTrwg¢7¢6irwTirTrsgTmereiazyjeo 
TITIITIITIITIrFeL 

TriomIrrerreTrTTTyjoO 
IrereitirtTrreTzstaTswy 
rFrorirmwririwiriyP 


H = High Logic Level, L = Low Logic Level, X = Irrelevant 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

m@ Low quiescent power consumption: 40 ».W maximum at 
25°C 

High speed: 31 ns propagation delay (typical) 

m@ Low input current: 1 4A maximum 

m@ Wide supply range: 2V to 6V 


TL/F/5007-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
if Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 
DC Input Voltage (Vix) —1.5 to Voco + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Veco + 0.5V MM74HC —40 
Clamp Diode Current (IK, Iox) +20mA NERS ee 
DC Output Current, per pin (lout) +25 mA as ae shee bala 
DC Vcc or GND Current, per pin (Icc) +50 mA (tr i 4.5V 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc =6.0V 
Power Dissipation (Pp) ; 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


spruces 74HC 54HC 
Parameter Veco A Ta=—40to 85°C | Ta=—55 to 125°C | Units 


Guaranteed Limits _ 


Minimum High Level 2.0V 
Input Voitage 4.5V 
6.0V 


Maximum Low Level 2.0V 
Input Voltage** 4.5V 
6.0V 


Minimum High Level | Vin=Viq oF ViL 

Output Voltage llout|<20 pA 2.0V 
4.5V 
6.0V 


ViIN= Vin OF ViL 
\lout| <4.0 mA 4.5V 
llout|<5.2 mA 6.0V 


Maximum Low Level | Vin=Vjix or Vit 

Output Voltage llout|<20 pA 2.0V 
4.5V 
6.0V 


Vin= Vin OF Vib 
llout|<4.0 mA 4.5V 
llout|<5.2 mA 6.0V 


Maximum Input Vin=Vcc or GND | 6.0V 
Current 


Maximum Quiescent | Vijy=Vccor GND | 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘‘J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vjy and Vj_ occur at Vcc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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ZVLOHPZWIN/ZPLOHPSWA 


MM54HC147/MM74HC 147 


AC Electrical Characteristics voo=5v, Ta=25°C, C, = 15 pF, t=t;=6 ns 


tpHt. tpLH | Maximum Propagation 
Delay 


AC Electrical Characteristics voc=2.0v to 6.ov, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 
Ta=25°C 74HC 54HC 
Parameter Conditions Ta=—40 to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 
tpHL, tetH | Maximum Propagation F 275 319 
Delay : : a 


trun, ttHL | Maximum Output Rise . : es 
and Fall Time 
; : 
Power Dissipation (per package) 180 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+ Icc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 
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National - 
Semiconductor 


MM54HC148/MM74HC 148 
8-3 Line Priority Encoder 


General Description 


This priority encoder utilizes advanced silicon-gate CMOS All inputs are protected from damage due to static dis- 
technology. {t has the high noise immunity and low power _ charge by internal diode clamps to Vcc and ground. 
consumption typical of CMOS circuits, as well as the speeds 

and output drive similar to LB-TTL. Features 

This priority encoder accepts 8 input request lines 0-7 and ~—sm Typical propagation delay: 13 ns 

outputs 3 lines AO-A2. The priority encoding ensures that gy Wide supply voltage range: 2V-6V 

only the highest order data line is encoded. Cascading cir- 

cuitry (enable input El and enable output EO) has been pro- 

vided to allow octal expansion without the need for external 

circuitry. All data inputs and outputs are active at the low 

logic level. 


Connection Diagram 


Dual-!n-Line Package 


A2 At 
Order Number MM54HC148* or MM74HC148* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/9390-1 


Truth Table 


ItrTrirrrrerrse 
GTtrreretrires 
IreitirerrtereiterTt 
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iarrrrrirTrires 
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SPLOHPZANIN/SPLOHPSAIN 


MM54HC 148/MM74HC 148 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Veco +1.5V 
DC Output Voltage (Voyt) —0.5 to Voc +0.5V 
Clamp Diode Current (lik, lox) +20mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 600 mw 

S.O. Package only 500 mW 
Lead Temperature (T,) . 

(Soldering 10 sec.) 260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level | Vin = Viz or Vit 
Output Voltage lloutl < 20 pA 


Vin = Vin or Vit 
llout| < 4.0 mA 
llout| < 5.2 mA 


Maximum Low Level } Vin = Viy or Vit 
Output Voltage lloutl < 20 pA 


Vin = Vin or Vit 
lout] < 4.0 mA 
llout| < 5.2 mA 


Operation Conditions 
Max Units 
Supply Voltage (Vcc) 6 Vv 
DC Input or Output Voltage Vcec V 
(Vin. Vout) 
Operating Temperature Range (Ta) 
MM74HC = —40 
MM54HC —55 
Input Rise or Fall Times 
(t, t) Voc = 2.0V 
Voc = 4.5V 
Voc = 6.0V 


74HC 54HC 
—40 to 85°C | Ta = —55to 125°C | Units 


Guaranteed Limits 


Maximum Input VIN = Vcc or GND | 6.0V +0.1 +1.0 £1.0 
Current 

Maximum Quiescent | Vin = Voc or GND | 6.0V 

Supply Current lout = OpA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating—plastic ‘‘N’”” package: — 12 mW/°C from 65°C to 85°C, ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vo, and Vo_) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj} and Vj, occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, loo and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics Vcc = 5v, T, = 25°C, C, = 15 pF, t, = ty = 6ns 


Parameter 
tpHL tpLH Maximum Propagation Delay, 14 
Any Input to Any Output 
AC Electrical Characteristics Vcc = 2.0v toc.ov, Cy = 50 pF, t, = ty = 6 ns (unless otherwise specified) 
74HC 54HC 
—40°C to + 85°C —55°C to + 125°C Units 
Typ Guaranteed Limits 


175 210 
35 
30 


Symbol Parameter Vcc Le 


teHL tPLH Inputs 0-7 2.0V 
to Outputs 4.5V 
AO, A1, A2 6.0V 


tpHL tpLH Inputs 0-7 2.0V 
to 4.5V 
Output EO 6.0V 


tpHL teLH Inputs 0-7 2.0V 
to 4.5V 
Output GS 6.0V 


tpHt, tpLH Input El 2.0V 
to Outputs 4.5V 
AO, A1, A2 6.0V 


tpHL tpLH Input El 2.0V 
to 4.5V 
Output GS 6.0V 


tpHL: tpLH Input El 2.0V 
to 4.5V 
Output EO 6.0V 


— 
aS 


35 
30 


_ 
NI 


40 
34 


_ 
nN 
= Pp =k 
“NO ~“ 


~“N 
oa 


— — (OD 
moon 


ty, ty Maximum 2.0V 
Output Rise 4.5V 
and Fall Time 6.0V 
Power Dissipation 
Capacitance (Note 5) 
Maximum Input 
Capacitance 





_o 
oo 


_ 
oO 
- 
oO 
= 
(=) 


— 
oO 


Note 5: Cpg determines the no load dynamic power consumption, and the no load dynamic current consumption. 
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HC 148 Schematic for Datasheet 


MM54HC148/MM74HC 148 





Logic Diagram 
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MM54HC149/MM74HC 149 


National 
Semiconductor 


MM54HC149/MM74HC 149 
8 Line to 8 Line Priority Encoder 


General Description Features 


This priority encoder utilizes advanced silicon-gate CMOS __'™ Propagation delay: 15 ns typical 
technology. It has the high noise immunity and low power & Wide power supply range: 2-6V 
consumption typical of CMOS circuits, as well as the speeds =m Low quiescent current: 80 »A max (74HC Series) 
and output drive similar to LS-TTL. m Wide input noise immunity 

This priority encoder accepts 8 input request lines, RI7-RI0, 

and outputs 8 lines, RO7-ROO. Only one request output 

can be low at a time. The output that is low is dependent on 

the highest priority request that is low. The order of priority 

is RI7 highest and RIO lowest. Also provided is and enable 

input, RQE, which when high forces all outputs high. A re- 

quest output is also provided, ROP, which goes low when 

any Rin is active. : 


All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. 


Connection Diagram 


Dual-In-Line Package 


R01 R04 ROS 


10 an Riz RG Ria RIS Ris aT 


TL/F/5312-1 
Top View 


Order Number MM54HC149* or MM74HC149* 
*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availabillty and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (lik, lox) 

DC Output Current, per pin (IouT) 

DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (TsTaq) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Veco t+ 1.5V 
—0.5 to Voc + 0.5V 

+20 mA 
+25mA 
£50 mA 
—65°C to + 150°C 


600 mW 
500 mw 


260°C 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2: 
DC Input or Output Voltage 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC —40 
MM54HC —55 


Input Rise or Fall Times 
Voc = 2.0V 
Veco =4.5V 
Vec= 6.0V 


(ty. ’ tt) 


DC Electrical Characteristics (note 4) 


eee 74HC 54HC 
Conditions Veo |__4 Ta=—40to 85°C | Ta=—55 to 125°C | Units 
T 


Guaranteed Limits 


Parameter 


Minimum High Level 2.0V 
Input Voltage 4.5V 
6.0V 


Maximum Low Level 2.0V 
Input Voltage** 4.5V 
6.0V 


0.5 0.5 
1.35 1.35 
1.8 1.8 


1.5 1.5 
3.15 3.15 
4.2 4.2 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
\lgut| <20 pA 2.0V} 20] 1.9 
4.5V 4.4 


6.0V 5.9 
llout| <4.0 mA 


4.5 
6.0 
4.5V | 4.2 
llout|<5.2 mA 6.0V | 5.7 
Vin = Vin OF ViL 
lloutl <20 pA 2.0V 


Vin = Vin or Vit 


Maximum Low Level 
Output Voltage 
4.5V 


6.0V 
Vin= Vin OF Vit 
lout] <4.0 mA 


0.1 0.1 
0.1 0.1 
4.5V 0.33 0.4 
llour| <5.2 mA 6.0V 0.33 0.4 
Maximum Input Vin=Vcc orGND | 6.0V +0.1° +1.0 £1.0 
Current : 
Maximum Quiescent | Viyn=VccorGND | 6.0V 160 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N" package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/*C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vox, and Vow occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (ln, Ico, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values shouid be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 





AC Electrical Characteristics vcc=5v, T,=25°C, C_=15 pF, t,=ty= 6 ns (Note 6) 


Conditions Guaranteed Limit 


33 


To Any Output 
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MM54HC149/MM74HC 149 


. AC Electrical Characteristics v.c=2.0v to 6.0v, C, =50 pF, t,-=ty=6 ns (unless otherwise specified) 


T.=28°C 74HC . 54HC 
Parameter Aé Ta= —40 to 85°C | Ta=—55to 125°C | Units 
ye | Guaranteed Limits 
255 


tpt. tpLH | Maximum Propagation 2.0V 
Delay Any Input To Any 4.5V 

Output 6.0V 

tttH, trHL | Maximum Output Rise 2.0V 
and Fall Time 4.5V 

6.0V 


Power pee Deseo i 
pee Deseo i (Note 5) 


Maximum Input 
Capacitance 


205 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+!ec Vcc, and the no load dynamic current consumption, ls =Cpp Vcc f+ Icc. 


Simplified Logic Diagram 
i> 


TL/F/5312-2 
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National 
Semiconductor 


MM54HC151/MM74HC151 8-Channel 


Digital Multiplexer 
General Description 


This high speed Digital multiplexer utilizes advanced silicon- 
gate CMOS technology. Along with the high noise immunity 
and low power dissipation of standard CMOS integrated cir- 
cuits, it possesses the ability to drive 10 LS-TTL loads. The 
MM54HC151/MM74HC151 selects one of the 8 data sourc- 
es, depending on the address presented on the A, B, and C 
inputs. It features both true (Y) and complement (W) out- 
puts. The STROBE input must be at a low logic level to 
enable this multiplexer. A high logic tevel at the STROBE 
forces the W output high and the Y output low. 

The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 


Connection and Logic Diagrams 
Dual-in-Line Package 
DATA INPUTS DATA SELECT 


W STROBE GNO 
<= 
OUTPUTS 


Top View 


DATA INPUTS TL/F/5313-1 


Order Number MM54HC151* or MM74HC151* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 
m@ Typical propagation delay 
data select to output Y: 26 ns 
m@ Wide operating supply voltage range: 2-6V 
@ Low input current: 1 pA maximum 
m Low quiescent supply current: 80 nA maximum (74HC) 
@ High output drive current: 4 mA minimum 


Truth Table 


mIreitmeimiriinr x 
Prrereerererer es 


X X 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 


H = High Level, L = Low Level, X = Don’t Care 
DO, D1...07 = the level of the respective D input 


TL/F/5313-2 
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MM54HC 151/MM74HC151 


Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (IK, lox) 

DC Output Current, per pin (IgyT) 

DC Vcc or GND Current, per pin (icc) 
Storage Temperature Range (Tstq) 


—0.5 to +7.0V 
—1.5 to Voc + 1.5V 
—0.5 to Voc + 0.5V 

+20 mA 
+25mA 
+50 mA 
—65°C to + 150°C 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HCG 
Input Rise or Fall Times 
(t,t) == Voc=2.0V 
Voc=4.5V 
Voc= 6.0V 


—40 
—55 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (TL) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
llouTl<20 pA 


ViIN= Vin OF ViL 
llout| <4.0 mA 
llout| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF ViL 
lout] <20 pA 


. oo 
Vin = Vin OF Vit 
lloyt| <4.0 mA 


0.26 0.33 0.4 
llour| <5.2 mA 0.26 0.33 0.4 
Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 +1.0 
Current 
Maximum Quiescent | Vin=VccorGND | 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj} and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi, limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc=5v, T,=25°C, C, =15 pF, t,=t}=6ns 


Guaranteed 
aki | Parameter | conatons | Tye Limit uns 
tpHL, tpt | Maximum Propagation Delay 26 35 
A,BorCtoY 
tpHL tpLH | Maximum Propagation Delay 27 
A,B orC to W 
tpHL, tpLH | Maximum Propagation Delay 22 29 
Any Dto Y 
tpHL, tpt | Maximum Propagation Delay 24 32 
any D toW 
tpHL, tpt | Maximum Propagation Delay 17 23 
Strobe to Y 


tpHL: tpLH | Maximum Propagation Delay 21 
Strobe to W 


LSLOHPZWIN/ESLOHPSWIN 


AC Electrical Characteristics c, =50 pr, t,=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC_ rj 
Parameter Vec s Ta=—40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 
tpHL, tpLH | Maximum Propagation Delay 90 | 205 256 300 
A,BorCtoY 31 4 ~ 81 60 
: 26 | 35 44 51 


95 | 205 256 
32 |) 41 51 
27 | 35 44 


70 
27 49 
23 41 


tpHL: tpLH | Maximum Propagation Delay : : 
any D toW ; 46 
: 40 


tpHL, tpt | Maximum Propagation Delay 
A, BorC to W 


tpHL, tpt | Maximum Propagation Delay 
any Dto Y 


tpHL, tpLH | Maximum Propagation Delay 
Strobe to Y 


35 
30 


tpHL tpLH | Maximum Propagation Delay 


Strobe to W 32 


ttLH» tTHL | Maximum Output Rise 
and Fall Time 


Power Dissipation (per package) 
Capacitance (Note 5) 

Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Vc, and the no load dynamic current consumption, lg =Cpp Voc f+ Icc. 





| | i 
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MM54HC153/MM74HC153 


National | 
Semiconductor 


MM54HC153/MM74HC153 
Dual 4-Input Multiplexer 
General Description 


This 4-to-1 line multiplexer utilizes advanced silicon-gate 
CMOS technology. It has the low power consumption and 
high noise immunity of standard CMOS integrated circuits. 
This device is fully buffered, allowing it to drive 10 LS-TTL 
loads. Information on the data inputs of each multiplexer is 
selected by the address on the A and B inputs, and is pre- 
sented on the Y outputs. Each multiplexer possesses a 
strobe input which enables it when taken to a low logic lev- 
el. When a high logic level is applied to a strobe input, the 
output of its associated multiplexer is taken low. 


The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 


Connection Diagram 


are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Features 

m Typical propagation delay: 24 ns 

ma Wide power supply range: 2V-6V 

w Low quiescent current: 80 nA maximum (74HC Series) 
@ Low input current: 1 »A maximum 

m Fanout of 10 LS-TTL loads 


Dual-In-Line Package 


STROBE A 
2G = SELECT =. 23 


STROBE 8 
16 = SELECT 


DATA INPUTS 


OUTPUT 
2c2 ay 


101 10 =6QUTPUT = GND 
v 


DATA INPUTS 


TL/F/5107—1 


Top View 


Order Number MM54HC 153* or MM74HC153* 
*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Select 
Data Inputs 


SDSS ee xo 
rrrerrrex|> 
arc mrex ex |B 
mae Om |B 
mx xxx xx] 
zm nx xm] 





L 
L 
H 
L 
H 
L 
H 
L 
H 


Select inputs A and 8 are common to both sections. 
H = high level, L = low level, X = don't care. 
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Absolute Maximum Ratings (notes 1 & 2) , ie 
If Mititary/Aerospace specified devices are required, Operating Conditions 


contact the National Semiconductor Sales Office/ Min | 
Distributors for avallability and specifications. Supply Voltage (Vcc) 2 
Supply Voltage (Vcc) —0.5to +7.0V DC Input or Output Voltage 0 
DC Input Voltage (Vin) =1.5 to Vog+1.5V al eas 
a perating Temp. Range (Ta 

DC Output Voltage (Vout) 0.5 to Voc + 0.5V MM74HC Sag 
Clamp Diode Current (I\x, lox) +20 mA MMS54HC 55 
DC Output Current, per pin (lout) £25 mA Input Rise or Fall Times 
DC Voc or GND Current, per pin (Icc) +50 mA (tr, t)  Voc=2.0V 
Storage Temperature Range (Tstq) —65°C to + 150°C Vec=4.5V 
Power Dissipation (Pp) Voc =6.0V 

(Note 3) 600 mw 

S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


€SLOHPZININ/ESLOHPSWAN 


DC Electrical Characteristics (note 4) 


Ta=25°C 74HC 54HC 
Parameter Conditions an Ta=—40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


Minimum High Level 2. ee 1.5 
Input Voltage 4.5V 3.15 
6.0V 4.2 


Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V fe 1.35 
6.0V 1.8 1.8 


Minimum High Level | Vin= Vip Or Vit 
Output Voltage llout|<20 pA 2.0V | 2. 1.9 1.9 
45V } 4. ‘ : z : 


6.0V 


Vin= Vin Or Vit 
lout! <4.0 mA 4.5V 3.98 3.84 
lloutl <5.2 mA 6.0V 5.48 5.34 


Maximum Low Level | Vin= Vip or Vit 

Output Voltage llouT|<20 pA 2.0V 0.1 0.1 
4.5V . . 
6.0V 


Vin = Vin Or Vit 
llout| <4.0 mA 4.5V 0.26 0.4 
llout| <5.2 mA 6.0V 0.26 0.4 
Maximum Input Vin=Vcc or GND | 6.0V +0.1 0 +1.0 
Current 
Maximum Quiescent | Vin=VccorGND | 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N"” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Von, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, Icc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**ViL limits are currently tested at 20% of Voc. The above Vj. specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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MM54HC153/MM74HC153 


AC Electrical Characteristics voc=5v, T,=25°C, C_=15 pF, t;=t;=6 ns 


AC Electrical Characteristics C.=50 pF, t= t= 6 ns (unless otherwise specified) 
Ta=25°C 74HC 54HC 
Parameter Conditions a Ta= —40 to 85°C| Ta = —55 to 125°C | Units 
Guaranteed Limits 
tpHL, tpLH}| Maximum Propagation 2.0V 198 237 
Delay, Select A or B to Y 4.5V 44 52 
6.0V 38 45 
tpHL, tpLH | Maximum Propagation 2.0V 126 158 189 
Delay, any Data to Y 4.5V 28 35 42 
6.0V 23 29 35 
tpHL, tpi} Maximum Propagation 2.0V 86 108 
Delay, Strobe to Y 4.5V 19 24 29 
6.0V 16 
trex, trHL | Maximum Output 2.0V 30 75 
Rise and Fall Time 4.5V 8 15 
6.0V 7 13 


[Maximum inputCapacitance} || tO] 


19 
Power Dissipation (Note 5)(per package) 
Capacitance Outputs Enabled 
Outputs Disabled 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ lec Voc, and the no load dynamic current consumption, Is=Cpp Voc f+ Icc. 


Logic Diagram 


STROBE 


STROBE 


TL/F/5107-2 
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National | 
Semiconductor 


MM54HC 154/MM74HC 154 
4-to-16 Line Decoder 


General Description 

This decoder utilizes advanced silicon-gate CMOS technol- = Each output can drive 10 low power Schottky TTL equiva- 
ogy, and is well suited to memory address decoding or data _lent loads, and is functionally and pin equivalent to the 
routing applications. It possesses high noise immunity, and 54LS154/74LS154. All inputs are protected from damage 
low power consumption of CMOS with speeds similar tolow due to static discharge by diodes to Vcc and ground. 
power Schottky TTL circuits. 

The MM54HC154/MM74HC154 have 4 binary select inputs Features 

(A, B, C, and D). If the device is enabled these inputs deter- —_™ Typical propagation delay: 21 ns 


mine which one of the 16 normally high outputs will go low. = power supply quiescent current: 80 nA (74HC) 
Two active low enables (G1 and G2) are provided to ease ™ Wide power supply voltage range: 2-6V 
cascading of decoders with little or no external logic. m Low input current: 1 pA PaRInAOP 


Connection Diagram Dual-In-Line Package 


INPUTS OUTPUTS 
B C D G2 Gi 15 14 13 12 


TL/F/5122-1 


Order Number MM54HC154* or MM74HC154* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Low 
Output* 


| 


xxx Er oer rerioiritiriririrtl|PS 
4~Oo 


OONOaBR WN 


Erte eee eco ke ce eee eee 
<xx«<x«EEIIEerrrorerrirrirrereiaq 
<x«<x<DDerrtierrrtrirreriireri\w 


Leer er rere rere eer eee eee 
—X<Xx«K DEE ETLETEEOOrrrr ser 


*All others high 
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PSLOHPZNIN/PSLOHPSNIN 


MM54HC154/MM74HC 154 


Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, Operating Conditions 


contact the National Semiconductor Sales Office/ Min Max Units 
Distributors for availability and specifications. Supply Voltage (Vcc) 2 6 V 
Supply Voltage (Vcc) —~0.5to +7.0V DC Input or Output Voltage 0 Voc V 
DC Input Voltage (Vin) —1.5 to Voc t 1.5V (Vin: Vout) 
DC Output Voltage (Vour) —0.5 to Vog + 0.5V ee Range (Tay A ashe 6 
Clamp Diode Current (Ik, lox) +20mA MM54HC —55 +125 °C 
DC Output Current, per pin (Ioyt) +25mA Input Rise or Fall Times 
DC Vcc or GND Current, per pin (Ioc) +50 mA (tt) Voc=2.0V 1000 ns 
Storage Temperature Range (Tsta) —65°C to + 150°C Voc=4.5V 500 ns 
Power Dissipation (Pp) Voc=6.0V 400 - ons 
(Note 3) 600 mw 
S.O. Package only 500 mW 
Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 
a 74HC 54HC 


Parameter 
Guaranteed Limits 


Minimum High 2.0V 1.5 1.5 
Level Input 4.5V Be 5 3.15 3.15 
Voltage 6.0V 4.2 4.2 4.2 


Maximum Low 2.0V 0.5 0.5 
Level Input 4.5V 1.35 1.35 1.35 
Voltage** 6.0V 1.8 1.8 1.8 


Minimum High Vin = Vin or Viv 
Level Output llout|s20pA | 20V] 2.0 1.9 1.9 1.9 
Voltage 45V | 45 ue - 4.4 
6.0V 


Vin= Vin OF ViL 
llout|<4.0 mA 4.5V : : 3.98 3.84 
\loyr| <5.2 mA 6.0V 5.48 5.34 


Maximum Low Vin= Vin OF ViL 

Level Output llout|<20 pA 2.0V 0.1 
Voltage 4.5V . 
6.0V 


ViIN=VIH OF ViL 
llout|<4.0 mA 4.5V 0.26 
llout|<5.2 mA 6.0V 0.26 
Maximum Vin=Vcc orGND | 6.0V +0.1 +1.0 
Input Current 
Maximum Vin=VccorGND | 6.0V 
Quiescent louT=0 pA 
Supply Current 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 











































Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vox, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (Ix, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcoc=5v, Ta=25°C, C,=15 pF, t,=t;=6 ns 


Parameter | Conditions | Typ | Guaranteed Limit 
tpHL tpLH Maximum Propagation Delay, G1, G2 or A, B, C, D ee ce ee ee 


AC Electrical Characteristics Vcoc=2.0v to 6.0v, C, =50 pF, t= ty=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Conditions ae a Ta=—40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 


tpH_, tpLy | Maximum Propagation 160 190 
Delay, G1 or G2 : 42 
or A, B,C, D : 35 


triy. trHt | Maximum Output . 95 
Rise and Fall Time 


Power Dissipation 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+Icc Vcc, and the no load dynamic current consumption, !s = Cpp Voc f+ Ioc. 
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MM54HC154/MM74HC 154 


Logic Diagram 
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TL/F/5122-2 





National - 
Semiconductor 


MM54HC 155/MM74HC155 Dual 2-To-4 


Line Decoder/Demultiplexers 


General Description 


The MM54HC155/MM74HC155 is a high speed silicon-gate 
CMOS decoder/demultiplexer. It utilizes advanced silicon- 
gate CMOS technology and features dual 1-line-to-4-line 
demultiplexers with independent strobes and common bina- 
ry-address inputs. When both sections are enabled by the 
strobes, the common address inputs sequentially select and 
route associated input data to the appropriate output of 
each section. The individual strobes permit activating or in- 
hibiting each of the 4-bit sections as desired. Data applied 
to input C1 is inverted at its outputs and data applied to C2 
is non-inverted at its outputs. The inverter following the C1 
data input permits use as a 3-to-8-line decoder, or 1-to-8- 
line demultiplexer, without gating. 


All inputs to the decoder are protected from damage due to 
electrostatic discharge by diodes to Vcc and Ground. 


Connect and Logic Diagram 


SELECT OUTPUTS 


DATA STROBE {NPUT 


DATA STROBE SELECT  1Y3 1¥2 1v1 
c1 G1 INPUT 
8 OUTPUTS 


TL/F/8364-1 
Order Number MM54HC155* or 
MM74HC155* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


The device is capable of driving 10 low power Schottky TTL 
equivalent loads. 

The MM54HC155/MM74HC155 is functionally and pin 
equivalent to the 54LS155/74LS155 with the advantage of 
reduced power consumption. 


Features 
@ Applications 
Dual 2-to-4-line decoder 
Dual 1-to-4-line demultiplexer 
3-to-8-line decoder 
1-to-8-line demultiplexer © 
@ Typical propagation delay: 22 ns 
m@ Low quiescent current: 80 nA maximum 
(74HC series) 
@ Wide operating range: 2V-6V 


Truth Tables 


-to-4-Line Decoder 
or 1-Line to 4-line Demultiplexer 


3-Line-to-8-Line Decoder 
or 1-Line-to-8-Line Demultiplexer 


Strobe 
(0) (1) (2) (3) (4) (5) (6) (7) 


2Y0 2Y1 2Y2 2Y3 1Y0 1Y1 1Y2 1Y3 


Hee 


A 
X 
L 
H 
L 
H 
L 
H 
L 
H 


Girtrrereirit 
Zee ee 


ceeeeereals 


TrTTrrTirririt 


B 
X X 
ie 
Leib 
LH 
LH 
HL 
HL 
HH 
HH 


iter rrririTT 
Ie-rrrzTirTrsetTt 


IC = inputs C1 and C2 connected together 
IG = inputs Gi and G2 connected together 
H = high level L = tow level X = don't care 
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MM54HC 155/MM74HC155 


Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Voltage (Vin) —1.5V to Voc +1.5V 
DC Output Voltage (VoyT) —0.5 to Voc +0.5V 
Clamp Diode Current (I\k, lox) 20 mA 
DC Output Current, per pin (lout) 25 mA 
DC Vcc or GND Current, per Pin (loc) 50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (Tj) (Soldering 10 sec) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Minimum High Level 2.0V 
Input Voltage 


4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V F 
45V | 4.5 
6.0V | 6.0 


4.5V | 42 
6.0V | 5.7 
4.5V 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin = Vin oF Vit 
lloutl < 20 pA 


Vin = Vin or Vit 
llout| < 4.0 mA 
llour| < 5.2 mA 


Maximum Low Level | Vin = Viq or Vit 2.0V 


Output Voltage lout] < 20 pA 


Vin = Vin or Vit 


6.0V a 
4.5V 

llout| < 4.0 mA 6.0V 

lloutl < 5.2 mA 


1.5 15 
3.15 3.15 
4.2 
a 0.5 
2.0 


Operating Conditions 


Supply Voltage (Vcc) 

DC Input or Output Voltage 
(Vin» Vout) 

Operating Temperature Range (Ta) 
MM74HG 
MM54HC 

Input Rise/Fall Time Voc = 2.0V 
(ty, t) Voc = 4.5V 

Voc = 6.0V 


74HC 54HC 
Ta = 25°C| Ta = —40° to + 85°C | Ta = — 55° to + 125°C 


Guaranteed Limits 


0.5 
1.35 
1.8 


<<j<cccjy<c<cciccc 


Maximum Input Vin = VocorGND| 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent] Vij = VccorGND| 6.0V 

Supply Current lout = OpA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified, all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vj, occur at Voc = 5.5V and 4.5V respectively. (The V4 value at 5.5V is 3.85V.) The worst case leakage current (Ix, Ico and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vi, specification (30% of V¢c) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc = 5v, T, = 25°C, CL = 15 pF, t, = t} = 6ns 


| Symbol | _____— Parameter | Conditions | Typ | Units | 


tpHL tpLy | Maximum Propagation 
Delay, Binary Select to any Output 
4 Levels of Delay 


AC Electrical Characteristics (Note 6) CL = 50 pF, t, = t; = 6 ns (unless otherwise specified) 


Sr Fe ae 74HC 54HC 
Parameter Conditions ena ol —40 to + 85°C} Ta = —55to + 125°C | Units 


Guaranteed Limits 


tpHL, tpLH | Maximum Propagation 
Delay Binary Select to 
any Output 4 Levels of Delay 


ttLH, ttLH | Maximum Output Rise 
and FallTime 


Maximum Input 

Capacitance 

Power Dissipation 47 
Capacitance (Note 5) 


Note 5: CPC determines the no load dynamic power consumption, Pg = Cpp Vcoc2f + Ioc, and the no load dynamic current consumption, ls Q Cpp Vecf + Icc- 


Logic Diagram 


strose (2) 


pata (15) 


strose (14) 
G2 


TL/F/8364-2 
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MM54HC 157/MM74HC 157/MM54HC 158/MM74HC 158 


National | 
Semiconductor 


MM54HC 157/MM74HC 157 Quad 2-Input Multiplexer 
MM54HC 158/MM74HC158 Quad 2-Input Multiplexer 


(Inverted Output) 


General Description 


These high speed Quad 2-to-1 Line data selector/Multiplex- 
ers utilize advanced silicon-gate CMOS technology. They 


‘possess the high noise immunity and low power consump- 


tion of standard CMOS integrated circuits, as well as the 
ability to drive 10 LS-TTL loads. 


These devices each consist of four 2-input digital multiplex- 
ers with common select and STROBE inputs. On the 
MM54HC157/MM74HC157, when the STROBE input is at 
logical “0” the four outputs assume the values as selected 
from the inputs. When the STROBE input is at a logical “1” 
the outputs assume logical “0”. The MM54HC158/ 
MM74HC158 operates in the same manner, except that its 
outputs are inverted. Select decoding is done internally re- 
sulting in a single select input only. If enabled, the select 
input determines whether the A or B inputs get routed to 
their corresponding Y outputs. 


-Connection Diagrams 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

@ Typical propagation delay: 14 ns data to any output 

m Wide power supply range: 2-6V 

m Low power supply quiescent current: 80 #A maximu 
(74HC Series) 

m Fan-out of 10 LS-TTL loads 

@ Low input current: 1 »A maximum 


Dual-in-Line Packages 


INPUTS OUTPUT INPUTS OUTPUT 
i eee 
Vcc STROBE 4A 48 4Y 3A 3B 


SELECT 1A 2Y GNO 
—— 
(INPUTS OUTPUT INPUTS OUTPUT 


Top View TL/F/5314-1 


“INPUTS OUTPUT INPUTS OUTPUT 
—— 


ee, 
Voc STROBE 4A 4B 44Y «(3A 38 


SELECT 1A GNO 
INPUTS OUTPUT INPUTS OUTPUT 


Top View TL/F/5314-2 


Order Number MM54HC157/158* or MM74HC 157/158" 
*Please look into Section 8, Appendix D for availability of various package types. 


Function Table 


Output Y 


H = High Level, L = Low Level, X = Irrelevant 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DG Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 

DC Input Voltage (Vin) —1.5 to Voco+ 1.5V Operating Temp. panes (Ta) 

DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC —40 
Clamp Diode Current (lik, lox) +20mA ae . oe 
DC Output Current, per pin (lout) +25mA oe nie i“ ba, 

DC Vcc or GND Current, per pin (Ic) +50 mA et) Veo ayy 

Storage Temperature Range (Tsta) —65°C to + 150°C Vcc =6.0V 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Parameter Conditions Vec 


Minimum High Level 2.0V 
Input Voltage 4.5V 
6.0V 


Maximum Low Level aa 2.0V 


8SLOHPZININ/8SLOHPSWIN/ZSLOHPZWW/ZSILOHPSIAIN 


Input Voltage** 4.5V 
6.0V 


Minimum High Level | Vin=Vjq or Vit 

Output Voltage llout|<20 pA 2.0V | 2.0 
45V | 4.5 
6.0V 


Vin= Vin OF ViL 
llout| <4.0 mA 4.5V 
llout| <5.2 mA 6.0V 


Maximum Low Level | Vin=Viy or Vic 
Output Voltage llout|<20 pA 


llout|<4.0 mA 4.5V 
llourl <5.2 mA 6.0V 


Maximum Input Vin=Vcc or GND | 6.0V 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 
Supply Current louT=0 pA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (VoH, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when ' 
designing with this supply. Worst case Vy and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY'89. 





Vin = Vin OF Vit Ar 
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MM54HC 157/MM74HC157/MM54HC158/MM74HC158 


AC Electrical Characteristics voc=5v, Ta=25°C, C_=15 pF, t;=t=6 ns 
Guaranteed 
| symict | Parameter | conatons | tye | Limit units : 
tpHL, tpLH | Maximum Propagation 14 
Delay, Data to Output 
tpHL tpLH Maximum Propagation 14 
Delay, Select to Output 
tepHL tpLH Maximum Propagation . 12 18 
Delay, Strobe to Output 


AC Electrical Characteristics C= 50 pF, t;=t;=6 ns (unless otherwise specified) 


T.=25°C 74HC 54HC 
Parameter Vcc a Ta=—40to 85°C | Ta= —55 to 128°C 
tye | Guaranteed Limits 


‘teHL tpLH 


tPHL tPLH 


teHL tPLH 


ttt, tTHL 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Maximum Propagation 2.0V 
Delay, Strobe to Output 4.5V 
6.0V 


Maximum Propagation 
Delay, Data to Output 


Maximum Propagation 
Delay, Select to Output 


2.0V 
4.5V 
6.0V 


Maximum Output Rise 
and Fall Time 


Maximum Input 

Capacitance 

Power Dissipation (per 
Capacitance (Note 5) © Multiplexer) 


63 
13 
11 


63 
13 
11 


58 


12 
10 


30 


Guaranteed Limits 


125 158 186 
25 32 
21 27 


125 158 
25 
21 


115 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ !cc Vcc, and the no load dynamic current consumption, Is =Cpp Vcc f+ Icc. 
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Logic Diagrams 


*HC157 


"HC158 
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TL/F/5314-3 


TL/F/5314-4 
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MM54/74HC160/MM54/74HC 161/MM54/74HC 162/MM54/74HC163 





National 
Semiconductor 


PRELIMINARY 


MM54HC 160/MM74HC160 Synchronous 
Decade Counter with Asynchronous Clear 
MM54HC161/MM74HC161 Synchronous 
Binary Counter with Asynchronous Clear 
MM54HC 162/MM74HC 162 Synchronous 
Decade Counter with Synchronous Clear 
MM54HC163/MM74HC163 Synchronous 
Binary Counter with Synchronous Clear 


General Description 


The MM54HC160/MM74HC160, MM54HC161/ 
MM74HC161, MM54HC162/MM74HC162, and 
MM54HC163/MM74HC163 synchronous presettable count- 
ers utilize advanced silicon-gate CMOS technology and in- 
ternal look-ahead carry logic for use in high speed counting 
applications. They offer the high noise immunity and low 
power consumption inherent to CMOS with speeds similar 
to low power Schottky TTL. The ’HC160 and the ’HC162 are 
4 bit decade counters, and the ‘HC161 and the 'HC163 are 
4 bit binary counters. All flip-flops are clocked simultaneous- 
ly on the low to high transition (positive edge) of the CLOCK 
input waveform. 


These counters may be preset using the LOAD input. Pre- 
setting of all four flip-flops is synchronous to the rising edge 
of CLOCK. When LOAD is held low counting is disabled and 
the data on the A, B, C, and D inputs is loaded into the 
counter on the rising edge of CLOCK. If the load input is 
taken high before the positive edge of CLOCK the count 
operation will be unaffected. 


All of these counters may be cleared by utilizing the CLEAR 
input. The clear function on the MM54HC162/MM74HC162 
and MM54HC163/MM74HC163 counters are synchronous 
to the clock. That is, the counters are cleared on the posi- 


Connection Diagram 
RIPPLE OUTPUTS 
CARRY 
Voc OUTPUT Qa Og 


ENABLE 





CLEAR CLOCK A 
a Pp 
DATA INPUTS 


D ENABLE GND 


TL/F/5008-1 
Order Number MM54HC 160/161/162/163* 
or MM74HC160/ 161/162/163* 


*Please look into Section 8, Appendix D 
for availability of various package types. 





The MM54HC160/MM74HC160 and MM54HC161/ 
MM74HC161 counters are cleared asynchronously. When 
the CLEAR is taken low the counter is cleared immediately 
regardless of the CLOCK. 

Two active high enable inputs (ENP and ENT) and a RIP- 
PLE CARRY (RC) output are provided to enable easy cas- 
cading of counters. Both ENABLE inputs must be high to 
count. The ENT input also enables the RC output. When 
enabled, the RC outputs a positive pulse when the counter 
overflows. This pulse is approximately equal in duration to 
the high level portion of the Qa output. The RC output is fed 
to successive cascaded stages to facilitate easy implemen- 
tation of N-bit counters. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

@ Typical operating frequency: 40 MHz 

m Typical propagation delay; clock to Q: 18 ns 

@ Low quiescent current: 80 ~A maximum (74HC Series) 
@ Low input current: 1 w»A maximum 

m Wide power supply range: 2-6V 


tive edge of CLOCK while the clear input is held low. 


Truth Tables 
7HC160/HC161 


[CLK | CLR[ENP|ENT| Load | Function | 
X 


Clear 
Count & RC disabled 


Count disabled 
Count & RC disabled 
Load 
Increment Counter 


H = high level, L = low level 
X = don't care, T = low to high transition 


"HC162/HC163 


FENP|ENT|Load| Function _| 
xX Clear 
Count & RC disabled 
Count disabled 
Count & RC disabled 
Load 
Increment Counter 


CLK | 
T 
X 
Xx 
x 
tT 
ih 


Ix irxX 
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Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I)k, lox) 

DC Output Current, per pin (Iqyt) 

DC Voc or GND Current, per pin (Icc) 
Storage Temperature Range (Tstq) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Voc + 1.5V 
—0.5 to Veg + 0.5V 

£20mA 
+25mA 
+50 mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (ote 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin =VIH OF ViL 
llourl $4.0 mA 
llourl <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
lout] <20 pA 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Vin = Vin OF Vic 
llout|<20 pA 


2.0V 
4.5V 
6.0V 


Vin=Vin or Vit | 


llout| <4.0 mA 
llour| $5.2 mA 


Maximum Input Vin=Vcoc or GND | 6.0V +0.1 
Current 


4.5V 
6.0V 


4.5V 
6.0V 


Operating Conditions 


Supply Voltage (Vcc) 
DC Input or Output Voltage 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(ty, te) Vcc =2.0V 
Voc =4.5V 
Voc =6.0V 


Typ 


: 74HC 
Tae Ta= —40 to 85°C 


1.5 1.5 
3.15 


4.2 


0.5 
1.35 
1.8 


4.2 
0.5 


1.8 





0.1 


0.1 
0.1 


0.33 
0.33 


+1.0 


0.26 


0.2 | 0.26 


Min 
2 


-40 
—55 


Ta=—55 to 125°C | Units 


Guaranteed Limits 


0.1 
0.1 
0.1 


0.4 
0 


4 


Maximum Quiescent | Vin=Vcc or GND | 6.0V 160 
Supply Current louT=90 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ) occur for HC at’4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi} and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The V\y value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vic limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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MM54/74HC160/MM54/74HC 161/MM54/74HC 162/MM54/74HC 163 


AC Electrical Characteristics voc=5v, T,=25°C, C, =15 pF, antes ns 


Symbol Units 
MAX _ is eT MHz 
tpHL: tPLH eee eee 
teHL. tPLH ns 


tpHL, tpLH Maximum Propagation Delay, ENT to RC ns 


teHL Maximum Propagation Delay, Clear to Q or RC a a eee ns 


tREmM Minimum Removal Time, Clear to Clock ns 


ts Minimum Set Up Time Clear, Load, ns 
Enable or Data to Clock 


ty Minimum Hold Time, Data from Clock 
tw Minimum Pulse Width Clock, 
Clear, or Load , 


AC Electrical Characteristics C,.=50 pF, t,= tp=6 ns (unless otherwise specified) 


Symbol Parameter Conditions | Vcc AX Ta= —40to 85°C | Ta=—S55to 125°C | Units 
Le Guaranteed Limits 
fax Maximum Operating 2.0V MHz 
Frequency 4.5V 7 ot 1 " MHz 
6.0V 32 25 21 MHz 
teHL Maximum Propagation 2.0V he 5 gi roi ns 
Delay, Clock to RC 4.5V ns 
6.0V a 7 = ns 
teLH Maximum Propagation 2.0V ae oe ns 
Delay, Clock to RC 4.5V ae 
6.0V 
teHL Maximum Propagation 2.0V a. Pre 
Delay, Clock to Q .4,5V 
6.0V 
teLH Maximum Propagation 2.0V Ue 214 = 
Delay, Clock toQ 4.5V 43 
6.0V oo 36 : 
teHL Maximum Propagation 2.0V | 90 | 195 246 
Delay, ENT to RC 4.5V oe 39 49 58 
6.0V 33 42 49 
tpLy Maximum Propagation 2.0V 160 202 
Delay, ENT to RC 4.5V 32 ad 
6.0V 27 
tpHL Maximum Propagation 2.0V pe a ee 
Delay, Clear to RC 4.5V 
6.0V 
tPHL Maximum Propagation 2.0V bey a 0 
Delay, Clear to Q 4.5V 
6.0V 
tREM Minimum Removal Time 2.0V 125 158 
Clear to Clock 4.5V - 
6.0V 
Minimum Setup 2.0V oe 
Time Clear or Data 4.5V 
to Clock 6.0V 
Minimum Setup 2.0V 135 
Time Load 4.5V a 
to Clock 6.0V 
Minimum Hold Time 2.0V 
Data from Clock 4,.5V 
6.0V 
Minimum Hold Time 2.0V 
Enable, Load or Clear 4.5V 
to Clock 6.0V 
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AC Electrical Characteristics (continued) CL=50 pF, t,=ts=6 ns (unless otherwise specified) 
Ta=25°C 74HC 54HC 
Parameter Conditions | Vec|_ 4 Ta= —40 to 85°C | Ta= — 55 to 125°C | Units 
Guaranteed Limits 
Minimum Pulse Width 2.0V 80 100 
Clock, Clear, or 4.5V 16 20 
Load 6.0V 14 17 
trLH, tTHL | Maximum 2.0V| 40 | 75 95 
Output Rise and 45V| 8 15 
Fall Time 6.0V| 7 13 
Maximum Input Rise and 2.0V 1000 
Fall Time 4.5V 500 
6.0V 400 
Power Dissipation (per package) 
Capacitance (Note 5) 


Maximum inputCapacitance| | | 5 | wo] Tt 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+lcc Voc, and the no foad dynamic current consumption, 
Is=Cpp Voc f+ lec. 


Logic Diagrams 


MM54HC160/MM74HC160 or MM54HC162/MM74HC 162 


QB 
9 


TL/F/5008-2 


TL/F/5008-3 
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MM54/74HC160/MM54/74HC161/MM54/74HC 162/MM54/74HC163 


Logic Waveforms 


160, 162 Synchronous Decade Counters Typical Clear, Preset, Count and Inhibit Sequences 
CLEAR 
160 


CLEAR 
162 


(ASYNCHRONOUS) 
(SYNCHRONOUS) 
LOAD 


A 


DATA } 8 
INPUTS 
c 


19) 
CLOCK 
160 


CLOCK 
162 


ENABLE P 


ENABLE T 


RIPPLE CARRY 
OUTPUT 


INHIBIT > 


CLEAR PRESET 
Sequence: TL/F/5008-4 


(1) Clear outputs to zero 

(2) Preset to BCD seven 

(3) Count to eight, nine, zero, one, two, and three 
(4) Inhibit 


161, 163 Synchronous Binary Counters Typical Clear, Preset, Count and Inhibit Sequences 


wae (ASYNCHRONOUS) 


CLEAR 
163 


LOAD 


(SYNCHRONOUS) 


A 


DATA j B 
INPUTS 
c 


Oo 


CLOCK 
161 


CLOCK 
163 


ENABLE P 


_ ENABLE T | 
aa _ Be 


OUTPUTS 


RIPPLE CARRY 1314 #15 O . 
OUTPUT COUNT INHIBIT ————- 


CLEAR PRESET 
Sequence: TL/F/5008-5 


(1) Clear outputs to zero 

(2) Preset to binary twelve 

(3) Count to thirteen, fourteen, fifteen, zero, one and two 
(4) Inhibit 
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National 
Semiconductor 


MM54HC164/MM74HC 164 


8-Bit Serial-in/Parallel-out Shift Register 


General Description 


The MM54HC164/MM74HC164 utilizes advanced silicon- 
gate CMOS technology. It has the high noise immunity and 
low consumption of standard CMOS integrated circuits. It 


also offers speeds comparable to low power Schottky de- — 


vices. 


This 8-Bit shift register has gated serial inputs and CLEAR. 
Each register bit is a D-type master/slave flip flop. Inputs A 
& B permit complete control over the incoming data. A low 
at either or both inputs inhibits entry of new data and resets 
the first flip flop to the low level at the next clock pulse. A 
high level on one input enables the other input which will 
then determine the state of the first flip flop. Data at the 
serial inputs may be changed while the clock is high or low, 
but only information meeting the setup and hold time re- 
quirements will be entered. Data is serially shifted in and out 
of the 8-Bit register during the positive going transition of 
the clock pulse. Clear is independent of the clock and ac- 
complished by a low level at the CLEAR input. 


Connection and Logic Diagrams 


Dual-In-Line Package 
OUTPUTS 
a , 


Qe CLEAR CLOCK 


SERIAL INPUTS OUTPUTS TL/F/5315-1 


Top View 


Order Number MM54HC164* or MM74HC164* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


CLOCK 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

®@ Typical operating frequency: 50 MHz 

@ Typical propagation delay: 19 ns (clock to Q) 

m Wide operating supply voltage range: 2-6V 

@ Low input current: 1 4A maximum 

m Low quiescent supply current: 80 pA maximum (74HC 
Series) 

w@ Fanout of 10 LS-TTL loads 


Truth Table 


H = High Level (steady state), L = Low Level (steady state) 

X = Irrelevant (any input, including transitions) 

T = Transition from low to high level. 

Qao, Qg0; Quo = the level of Qa, Op, or Qy, respectively, before the 
indicated steady state input conditions were established. 

Qan Qgn = The level of Qa or Qg before the most recent T transition of 
the clock; indicated a one-bit shift. 


P9LOHPZINN/P9LOHPSWA 





Ct cL cL CL cL cL CL " 
SERIAL } A a oe Ps 


INPUTS 


a: cu 
ae LIE 


QH 
TL/F/5315~2 
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MM54HC164/MM74HC 164 


Absolute Maximum Ratings (notes 1 4 2) Operating Conditions 
if Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for avallabillty and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin; Vout) 

DC Input Voltage (Vin) —1.5 to Voo+ 1.5V Operating Temp. Range (Ta) 


DC Output Voltage (Vout) —0.5 to Vog + 0.5V MM74HC 


Clamp Diode Current (lik; lox) +20 mA MMSSHC 
Input Rise or Fall Times 


DC Output Current, per pin (lour) +25mA (t,t)  Voc=2.0V 
DC Vcc or GND Current, per pin (Ic¢c) +50mA Voc=4.5V 
Storage Temperature Range (TsTq) —65°C to + 150°C Voc =6.0V 
Power Dissipation (Pp) , 

(Note 3) 600 mW 

S.O. Package only 500 mw 
Lead Temp. (T,) 

(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


Parameter - Conditions = 
Guaranteed Limits 


Minimum High Level 


Maximum Low Level 
Input Voitage** 


Minimum High Level | Vin =Viy or ViL 
Output Voltage llourl<20 pA : . 1.9 
4.5 4.4 
5. 
Vin= Vin OF ViL 
llout]<4.0 mA 3.98 
lout! <5.2mA 


Vin= Vin OF ViL 
llout|<4.0 mA 
llout]<5.2 mA 


0.26 
: 0.26 
Maximum Input Vin=Vcc or GND | 6.0V 
Current 
Maximum Quiescent } Vin=VccorGND | 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


. 4.2 
. , 5.7 
Maximum Low Level | Vin=Viq or Vit 
Output Voltage lloutl<20 nA : 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: ~12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Voy) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case V;y and Vi_ occur at Vo¢ = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (Ij, !oc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vic limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics v.o=5v, T,=25°C, C,=15 pF, t=t}=6ns 


[rot [meer [contr | we | SE | ote 
fMax Maximum Operating 
Frequency 
tpHL, tpLy | Maximum Propagation 30 
Delay, Clock to Output 
tpHt, tpLy | Maximum Propagation 23 35 
Delay, Clear to Output 
Minimum Removal Time, 
Clear to Clock 
Minimum Setup Time 20 
Data to Clock 
ty Minimum Hold Time 
Clock to Data 
tw Minimum Pulse Width 16 
Clear or Clock 
AC Electrical Characteristics c, =50 pF, t,=1;=6 ns (unless otherwise specified) 
Ta=25°C 74HC 54HC 
Symbol Parameter Conditions Vcc AX Ta= —40 to 85°C | Ta=—55to 125°C | Units 
| Typ | Guaranteed Limits 
fuax Maximum Operating 2.0V MHz 
Frequency 4.5V 2 1 MHz 
6.0V 31 24 MHz 
tpHL, tpLH | Maximum Propagation 2.0V : eo ce aa 8 a ns 
Delay, Clock to Output 4.5V ns 
6.0V = i ns 
toyL, tpi | Maximum Propagation 2.0V oe aa ns 
: Delay, Clear to Output 4.5V ns 
6.0V ns 
tRem Minimum Removal Time 2.0V ns 
Clear to Clock 4.5V ns 
6.0V ns 
ts Minimum Setup Time 2.0V i ns 
Data to Clock 4.5V ns 
6.0V ns 
tH Minimum Hold Time ns 
Clock to Data ns 
ns 
tw Minimum Pulse Width ns 
Clear or Clock ns 
ns 
ttHt ttt | Maximum Output 2.0V ns 
Rise and Fall Time 4.5V ns 
6.0V 16 ns 
tr, te Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 
6.0V 400 400 400 ns 
Cpp Power Dissipation (per package) | 5.0V 
Capacitance (Note 5) 
Cin Maximum Input 10 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc2 f+!cc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ !cc. 
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MM54HC 165/MM74HC 165 


National | 
Semiconductor 


MM54HC165/MM74HC165 


Parallel-in/Serial-out 8-Bit Shift Register 


General Description 


The MM54HC165/MM74HC165 high speed PARALLEL-IN/ 
SERIAL-OUT SHIFT REGISTER utilizes advanced silicon- 
gate CMOS technology. It has the low power consumption 
and high noise immunity of standard CMOS integrated cir- 
cuits, along with the ability to drive 10 LS-TTL loads. 


This 8-bit serial shift register shifts data from Qa to Qy when 
clocked. Parallel inputs to each stage are enabled by a low 
level at the SHIFT/LOAD input. Also included is a gated 
CLOCK input and a complementary output from the eighth 
bit. 

Clocking is accomplished through a 2-input NOR gate per- 
mitting one input to be used as a CLOCK INHIBIT function. 
Holding either of the CLOCK inputs high inhibits clocking, 
and holding either CLOCK input low with the SHIFT/LOAD 
input high enables the other CLOCK input. Data transfer 
occurs on the positive going edge of the clock. Parallel load- 


Connection Diagram 


Dual-iIn-Line Package 


PARALLEL INPUTS 
CLOCK 
Vcc INHIBIT D Cc B 


SERIAL OUTPUT 
INPUT) = Oh 


CLOCK D 
INHIBIT 

SHIFT / 
LOAD 


CK 


SHIFT’ CLOCK E F G H OUTPUT GND 
LOAD ne” Qu 
PARALLEL INPUTS 


TL/F/5316-1 
Top View 


Order Number MM54HC165* or MM74HC165* 


*Please look into Section 8, Appendix D 
for availability of various package types. 





ing is inhibited as long as the SHIFT/LOAD input is high. 
When taken low, data at the parallel inputs is loaded directly 
into the register independent of the state of the clock. 

The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features © 

a Typical propagation delay: 20 ns (clock to Q) 

Wide operating supply voltage range: 2-6V 

@ Low input current: 1 wA maximum 

m Low quiescent supply current: 80 nA maximum 
(74HC Series) 

g@ Fanout of 10 LS-TTL loads 


San Table 


| inputs.‘ Internal 
Shift/ Paralle| | Outputs 


<rmixK x 


H = High Level (steady state), L = Low Level (steady state) 
X = Irrelevant (any input, including transitions) 
T = Transition from low to high level 


Qao, Qpo, QHo = The level of Qa, Qg, or Quy, respectively, before the 


indicated steady-state input conditions were established. 


Qan, Qen = The level of Qa or Qg before the most recent T transition of 
the clock; indicates a one-bit shift. 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Voy) —0.5 to Veg + 0.5V 
Clamp Diode Current (lik, lox) +20 mA 
DC Output Current, per pin (Igy) +25mA 
DC Voc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (TstTq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (Note 4) 


ce ose nd 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin = Vin OF Vit 
lloyt| <20 pA 2.0V 
4.5V 


6.0V 
Vin = Vin oF Vi 
lout! $4.0 mA 
lout! <5.2mA 
Vin = Vin or Vit 
lout] <20 pA 


4.5V 
6.0V 


Maximum Low Level 
Output Voltage 2.0V 
4.5V 


6.0V 
Vin = Vin OF Vit 
lout! <4.0mA 
llout| $5.2 mA 


4.5V 
6.0V 


Maximum Quiescent 
Supply Current 


Vin= = Voc or GND 


louT=9 pA 
Voc= 2-6V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC {nput or Output Voltage 0 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Voc = 4.5V 
Voc = 6.0V 


—40 
—55 


54HC 


Guaranteed Limits 


‘ 74HC 
Ta= 25°C =—40to 85°C | Ta=—55to 125°C | Units 


2.0 
4.5 


6.0 
4.2 
5.7 
Maximum Input Vin=Vcc or GND 6.0V +0.1 
Current Voc = 2-6V 

tte 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
a} 


3.98 
5.48 


3.7 
5.2 


0.1 
. 


0.26 
0.26 


0.1 
0.1 


0.4 
0.4 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N”’ package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vjy and Vi. occur at Voc =5.5V and 4.5V respectively. (The Vij value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**ViL limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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MM54HC165/MM74HC165 


AC Electrical Characteristics voc=5v, T,=25°C, C.=15 pF, t-=t;=6 ns 


Symbol | Parameter | Conditions| Typ | Guaranteed Limit | Units 
fax Maximum Operating Frequency MHz 
teHL tpLH Maximum Propagation Delay H to Qy or Quy ns 


tpHL, tery Maximum Propagation Delay ns 
Serial Shift/Parallel Load to Qy 

tpHL. teLy Maximum Propagation Delay ns 
Clock to Output 
Minimum Setup Time Serial Input ns 
to Clock, Parallel or Data to Shift/Load 


Minimum Setup Time Shift/Load to Clock ' Ans 


Minimum Setup Time Clock Inhibit to Clock ns 


Minimum Hold Time Serial 
Input to Clock or 
Parallel Data to Shift/Load 


Minimum Pulse Width Clock 


AC Electrical Characteristics c,=50 pr, t,=t;=6 ns (unless otherwise specified) 


aren 74HC 54HC 
Symbol Parameter Conditions | Vec |__* Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


2.0V |} 10 5 4 4 MHz 
4.5V |} 45 27 21 18 MHz 
6.0V | 50 32 25 21 MHz 
2.0V | 70 * 189 225 

4.5V | 21 38 45 

6.0V | 18 33 39 

2.0V | 70 | 175 220 260 

4.5V} 21 35 44 52 

6.0V | 18 30 37 44 


fax Maximum Operating 
Frequency 


tpHt, tpLH | Maximum Propagation 
Delay H to Qy or Qy 


tpHL, tpLH | Maximum Propagation 
Delay Serial Shift/ 
Parallel Load to Qy 


Delay Clock to Output 4.5V| 21 30 38 45 
9 


6.0V | 18 26 


33 3 
2.0V | 35 | 100 125 
4.5V;i 11 20 25 
6.0V} 9 17 21 
2.0V } 38 | ‘100 125 150 
4.5V | 12 20 25 30 
6.0V| 9 17 21 25 


Minimum Setup Time 2.0V 100 125 150 
Clock Inhibit to Clock 4.5V 20 25 30 
6.0V 17 21 25 
4 


ts Minimum Setup Time 
Serial Input to Clock, 
or Paralle! Data to Shift/Load 


Minimum Setup Time 
Shift/Load to Clock 


tpHL, tpt | Maximum Propagation fd 2.0V| 70 | 150 189 225 


Minimum Hold Time Serial 2.0V 
Input to Clock or 4.5V 
Parallel Data to Shift/Load 6.0V 
Minimum Pulse Width, 2.0V | 30 80 100 120 
Clock 4.5V 9 16 20 2 
6.0V 8 14 18 20 
ttHL ttLH | Maximum Output 2.0V | 30 75 95 110 
Rise and Fall Time 45V; 9 15 19 22 
6.0V 8 13 16 19 
tr, ty Maximum Input Rise and 2.0V 1000 1000 1000 
Fall Time 4.5V 500 500 500 
: 6.0V 400 400 400 
Cpp Power Dissipation (per package) 
Capacitance (Note 5) 


Cin Maximum inputCapacitance | | | 5 | to | 10 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc2 f+Ioc Voc, and the no load dynamic current consumption, Is=Cpp Voc f+ tcc. 
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Logic Diagrams 


CLOCK 
CLOCK INHIBIT 


SHIFT/ 
LOAD 
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PARALLEL INPUTS 
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MM54HC 166/MM74HC166 


National © 
Semiconductor 


MM54HC 166/MM74HC 166 


8-Bit Parallel In/Serial Out Shift Registers 


General Description 


The MM54HC166/MM74HC166 high speed 8-BIT PARAL- 
LEL-IN/SERIAL-OUT SHIFT REGISTER utilizes advanced 
silicon-gate CMOS technology. It has low power consump- 
tion and high noise immunity of standard CMOS integrated 
circuits, along with the ability to drive 10 LS-TTL loads. 


These Parallel-In or Serial-In, Serial-Out shift registers fea- 
ture gated CLOCK inputs and an overriding CLEAR input. 
The load mode is established by the SHIFT/LOAD input. 
When high, this input enables the SERIAL INPUT and cou- 
ples the eight flip-flops for serial shifting with each clock 
pulse. When low, the PARALLEL INPUTS are enabled and 
synchronous loading occurs on the next clock pulse. During 
parallel loading, serial data flow is inhibited. Clocking is ac- 
complished on the low-to-high level edge of the CLOCK 
pulse through a 2-input NOR gate, permitting one input to 
be used as a clock enable or CLOCK INHIBIT function. 


Holding either of the clock inputs high inhibits clocking;: 


holding either low enables the other clock input. This allows 
the system clock to be free running, and the register can be 


Connection Diagram 


Dual-In-Line Package 


PARALLEL 
SHIFT INPUT -— OUTPUT 
LOAD H Oy 


PARALLEL INPUTS 


B c CLOCK 
INHIBIT 
PARALLEL INPUTS 


CLOCK GND 


TL/F/5770~1 
Order Number MM54HC166* or MM74HC166* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


stopped on command with the other clock input. The 
CLOCK INHIBIT input should be changed to the high level 
only while the clock input is high. A direct CLEAR input over- 
rides all other inputs, including the CLOCK, and sets all flip- 
flops to zero. 

The 54HC/74HC logic family is functionally as well as pin 
out compatible with the standard 54LS/74LS logic family. © 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Voc and Ground. 


Features 

@ Typical propagation delay: 

m Wide operating supply voltage range: 2V-6V 

m@ Low input current: <1 pA 

m@ Low quiescent supply current: 80 nA maximum 
(74HC Series) “ 

uw Fanout of 10 LS-TTL loads 


Function Table 


a 
Pe Tos 
L X X X X X LoL 


H = High Level (steady state), L = Low Level (steady state) 

X = Don’t Care (any input, including transitions) 

T = Transition from low to high level 

a...h = The level of steady-state input at inputs A through H, respectively 
Qao: Qg0; QHo = The level of Qa, Qg, Qx, respectively, before the indicated 
steady-state input conditions were established 

Qan: Qean = The level of Qa, Qg, respectively, before the most recent T 
transition of the clock 
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Absolute Maximum Ratings (notes 1 a 2) 


if Military/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Voltage (Vin) —1.5V to Voot 1.5V 
DC Output Voltage (Vout) —0.5V to Veo + 0.5V 
Clamp Diode Current (Ijx, lox) +20mA 
DC Output Current, per Pin (lout) +25 mA 
DC Vcc or GND Current, per Pin (icc) +50 mA 
Storage Temperature Range (Tsta) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T_) 

(Soldering, 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Ta= 25°C 
Parameter Conditions Vec T 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High 
Level Input 
Voltage 


Maximum Low 
Level Input 
Voltage** 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin: Vout) 0 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times (t,, ts) 
Voc = 2.0V 
Veco = 4.5V 
Vcc = 6.0V 


—40 
~—55 


74HC 
=—40°C to + 85°C | Ta= — 55°C to + 125°C | Units 


Guaranteed Limits 


S9LOHPZININ/99-L OHPSWW 


4.2 


Minimum High 
Level Output 


Vin = Vin OF Vit 
llouT|<20 pA 


2.0V 


2.0} 1.9 


4.5V 
6.0V 


4.5 


6.0 
4.2 
5.7 


4.4 
5.9 


Voltage 


VIN = Vir OF Vit 
lloutl <4.0 mA 
llout| <5.2 mA 


4.5V 
6.0V 


3.98 
5.48 


Maximum Low 
Level Output 
Voltage 


Vin = Vin OF Vit 
llout| <20 pA 2.0V 
4.5V 


6.0V 
Vin = Vin OF Vit 
llout| <4.0 mA 
llour| <5.2 mA 
Vin= Vcc or GND 
Vcc = 2V-6V 


6.0V 
Vin= Vcc or GND 
Quiescent louT=90 pA 


Supply Current | Vcc = 2V-6V =| 


Note 1: Absolute Maximum ratings are those values beyond which damage to the device may occur. 


4.5V 


Maximum 
Input Current 


Maximum 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power dissipation temperature derating—plastic ‘'N” package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V+ 10%, the worst-case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus, the 4.5V values should be used when 
designing with this supply. Worst-case Vi} and Vi, occur at Voc = 5.5V and 4.5V, respectively. (The Vj} value at 5.5V is 3.85V.) The worst-case leakage current 
(ins loc, and Ioz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Qt, CY’89. 
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AC Electrical Characteristics C. = 50 pF, t; = t; = 6 ns unless otherwise noted 


Ta=25°C - -74HC 54HC 
Symbol Parameter A Ta=—40°Cto +85°C | Ta=—55°Cto + 125°C | Units 


| typ | | Guaranteed Limits 


fax Maximum 4.2 — MHz 
Operating Frequency é 21 MHz 
: 25 MHz 


teH_/ Maximum Propagation : 140 ne 
teLH Delay Clock to Qy ; = 


tpH_/ Maximum Propagation i ae 
teLH Delay Clear to Qh : 


Minimum Setup Time . 100 120 
Shift/Load to Clock . 20 24 
18 20 


Minimum Setup Time 100 120 
Data before Clock 


Minimum Removal 
Time Clear to Clock 





Maximum Hold Time 
Data after Clock 


Maximum Output 
Rise and Fall Time 


Minimum Pulse 
Width Clock or Clear 4. BV 
6.0V 
Power Dissipation per 400 
Capacitance (Note 5) ae 
Maximum Input 10 
Capacitance 
AC Electrical Characteristics Voc = 5V, CL = 15 pF, Ta = 25°C, t; = ty = 6 ns unless otherwise noted 


Symbol Parameter Typical Guaranteed Limits Units 


fuax Maximum 
Operating Frequency 
teHL/ Maximum Propagation _ 
teLH Delay Clock to Qh 
teHL/ Maximum Propagation 12 
teLy Delay Clear to Qn 
Minimum Setup Time 
Shift/Load High 
to Clock 
Minimum Setup Time 16 
Data before Clock 
Minimum Removal Time 
Clear to Clock 
Maximum Hold Time 
Data after Clock 
Minimum Pulse 
Width Clock or Clear 


Note 5: Cpg determines the no load dynamic power consumption, Pp = Cpp Vec? f + Icc Vcc, and the no load dynamic current consumption, lg = Cpp Vcc f + 
loc. 
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Logic Diagram 
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MM54HC 166/MM74HC 166 


Logic Diagram 
Typical Clear, Shift, Load, Inhibit and Shift Sequences 
CLOCK 
CLOCK INHIBIT 
CLEAR 
SERIAL INPUT 


SHIFT /LOAD 


PARALLEL 
INPUTS 


OUTPUT Oy as 


CLEAR 


<—_-—_____— SERIAL $1. | INHIBIT —— SERIAL SHIFT ——_~———_ 
LOAD 


TL/F/5770-3 
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National 
Semiconductor 


MM54HC173/MM74HC173 


TRI-STATE® Quad D Flip-Flop 


General Description 


The MM54HC173/MM74HC173 is a high speed TRI-STATE 
QUAD D TYPE FLIP-FLOP that utilizes advanced silicon- 
gate CMOS technology. It possesses the low power con- 
sumption and high noise immunity of standard CMOS inte- 
grated circuits, and can operate at speeds comparable to 
the equivalent low power Schottky device. The outputs are 
buffered, allowing this circuit to drive 15 LS-TTL loads. The 
large output drive capability and TRI-STATE feature make 
this part ideally suited for interfacing with bus lines in a bus 
oriented system. 


The four D TYPE FLIP-FLOPS operate synchronously from 
a common clock. The TRI-STATE outputs allow the device 
to be used in bus organized systems. The outputs are 
placed in the TRI-STATE mode when either of the two out- 
put disable pins are in the logic “1” level. The input disable 
allows the flip-flops to remain in their present states without 
having to disrupt the clock. If either of the 2 input disables 


are taken to a logic ‘'1” level, the Q outputs are fed back to 


Connection Diagram 


Dual-In-Line Package 


DATA ENABLE 


DATA INPUTS INPUTS 


CLEAR 1D 20 3D 


OUTPUT 
CONTROL 10 2Q 32 


2Q 3Q 4Q CLOCK GND 
\eeereernenrn enn 
OUTPUT CONTROL OUTPUTS 
TL/F/5317-1 


Top View 


Order Number MM54HC173* or MM74HC173* 


the inputs, forcing the flip flops to remain in the same state. 
Clearing is enabled by taking the CLEAR input to a logic ‘'1” 
level. The data outputs change state on the positive going 
edge of the clock. 

The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

@ Typical propagation delay: 18 ns 

@ Wide operating supply voltage range: 2-6V 

gm TRI-STATE outputs 

8 Low input current: 1 wA maximum 

@ Low quiescent supply current: 80 »A maximum (74HC) 
8 High output drive current: 6 mA minimum 


Truth Table 


onc —pa ce Sears 
X 


X X 
X X 
H X 
X H 
L L 
L L 


When either M or N (or both) is (are) high the out- 
put is disabled to the high-impedance state: how- 
ever, sequential operation of the flip-flops is not 
affected. 


= high level (steady state) 
L = low level (steady state) 
T = low-to-high level transition 
X = don’t care (any input including transitions) 


Qo = the level of Q before the indicated steady state input condi- 
tions were established 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin: Vout) | 
Operating Temp. Range (Ta) 
MM74HC 


. Power Dissipation (Pp) 


MM54HC 


Input Rise or Fall Times 
(t,t)  Voc=2.0V 
Voc =4.5V 
Voc =6.0V 


Clamp Diode Current (I)K; lox) +20mA 
DC Output Current, per pin (lout) +35 mA 
DC Vcc or GND Current, per pin (icc) +70 mA 
Storage Temperature Range (TsTq) —65°C to + 150°C 


600 mw 
500 mW 


(Note 3) 
S.O. Package only 


Lead Temperature (T,) 


(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Saar 74HC : 54HC 
Veo |: * Ta=—40 to 85°C | Ta=—55 to 125°C | Units 


Guaranteed Limits 


Parameter 


Minimum High Level 
Input Voltage 


2.0V 1.5 1.5 
4.5V 3.15 3.15 
6.0V 4.2 4.2 
2.0V 0.5 0.5 
4.5V 1.35 1.35 
6.0V 1.8 1.8 


Maximum Low Level 
input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lout] $20 wA 


20v} 20] 1.9 1.9 
45V| 45 | 4.4 4.4 
6.0v| 60] 59 5.9 
4.5V 3.98 3.84 
6.0V 5.48} 5.34 


Vin = Vin OF Vit 
lout! <6.0 mA 
\lout|<7.8 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
llout]s 20 pA 


Vin= Vin OF ViL 
llout| <6.0 mA 
llgut|<7.8 mA 


Maximum Input Vin=Vcc or GND 

Current 

Maximum TRI-STATE | Vout=Vcc or GND 

Output Leakage Enable= Viy 

Maximum Quiescent | Vin=Vcc or GND 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J" package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj4 and Vj_ occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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AC Electrical Characteristics voc=5v, T,=25°C, C, =45 pF, t =t=6 ns 


Symbol Conditions Guaranteed Limit Units 


fun MaximumOperatingFrequeney | | asf 
tpHL tpLy Maximum Propagation 

Delay: Clock toQ 
tpHe Maximum Propagation 27 

Delay: Clear to Q 


tezH, tezi Maximum Output Enable Time RL=1 ko a a a ae 


tpyz, tpLz Maximum Output Disable RL=1k2 
Time CL=5 pF 


Minimum Data Setup Time rr Pes ae eee 


| Minimum DataEnableSetupTime | | 
|_MinimumDataHoldTime | | 
| Minimum DataEnableHotdTime | | 
|__MinimumClock Pulsowidth | | 


AC Electrical Characteristics v.,=2.0v to6.ov, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


Ts =25°C 74HC 54HC 
Symbol Parameter A Ta=—40 to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 
fax Maximum Operating CL=50pF | 2.0V] 10 5 4 4 
Frequency 45V | 45 | 27 21 18 
6.0V } 55 32 25 21 
tpHL, tpt | Maximum Propagation CL=50pF | 2.0V{ 80 |; 175 220 
Delay from Clock to Q CL=150 pF | 2.0V | 110 | 225 280 
CL=50pF | 4.5V 35 44 
C_=150 pF | 4.5V 45 56 
CL=50pF | 6.0V 38 45 
C_=150 pF {| 6.0V 48 57 
Maximum Propagation CL=50pF | 2.0V| 70 224 
Delay from Clear to Q C_=150 pF | 2.0V | 100 298 
CL=50pF | 4.5V | 20 | 30 45 
CL=150 pF | 4.5V | 25 | 40 60 
CL=50pF | 6.0V] 17 | 26 
CL=150pF | 6.0V | 22 | 34 





tpzH, tpz_ | Maximum Output 
Enable Time 


tpHz, tpLz | Maximum Output Disable RL=1 ko 2.0V | 70 
Time CL=50pF | 4.5V | 20 
6.0V | 17 
ts Minimum Data or Data 2.0V 
Enable Setup Time 4.5V 
6.0V 
tRem Minimum Removal 2.0V 
Time 4,.5V 
6.0V 
tH Minimum Data or Data Enable 
Hold Time 
tw Minimum Clear or Clock 2.0V | 30 
Pulse Width 45V | 9 
6.0V | 8 
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MHz 


ns 


ns 


ns 
ns 


ns 
ns 
ns 
ns 
ns 


Units 


MHz 
MHz 
MHz 
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MM54HC173/MM74HC173 


AC Electrical Characteristics (Continued) 7 
Vcc =2.0V to 6.0V, C; = 50 pF, t-=ts=6 ns (unless otherwise specified) 


ar 74HC 54HC 
Parameter Conditions eins is = —40 to 85°C ae —55 to 125°C | Units 
| GuaranteedLimits | Limits 
trots ttTLH | Maximum Output 
Rise and Fall Time ; 2 i. : 
A 10 13 15 
"| Maximum Input Rise and ; Oe ne 
Fall Time - : 
oe 


Power ene Capacitance | (per flop) rae 


Maximum Input | Maximum Input Capacitance _| 


Maximum Output 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp>=Cpp Voc? f+ loc Vcc, and the no load dynamic current consumption, Is=Cpp Voc 
ft+loc. : 
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MM54HC174/MM74HC174 
Hex D Flip-Flops with Clear 


PLLOHP ZW /PZLOHPSAA 


General Description Features 

These edge triggered flip-flops utilize advanced silicon-gate | Typical propagation delay: 16 ns 

CMOS technology to implement D-type flip-flops. They pos- =m Wide operating voltage range: 2-6V 

sess high noise immunity, low power, and speeds compara- —m Low input current: 1 pA maximum 

ble to low power Schottky TTL circuits. This device contains = tow quiescent current: 80 pA (74HC Series) 
6 master-slave flip-flops with a common clock and common ee : 

clear. Data on the D input having the specified setup and mv Ouipuldave JO Cort loads 
hold times is transferred to the Q output on the low to high 
transition of the CLOCK input. The CLEAR input when low, 
sets all outputs to a low state. 


Each output can drive 10 low power Schottky TTL equiva- 
lent loads. The MM54HC174/MM74HC174 is functionally 
as well as pin compatible to the 54LS174/74LS174. All in- 
puts are protected from damage due to static discharge by 
diodes to Voc and ground. 


Connection and Logic Diagrams 


Dual-In-Line Package do 6a 
OP CLOCK 


CLEAR 
cuca a 


bie 
Tx 


‘AR | Co 
LEAR 


| a 
° fy 


TL/F/5318-1 


Order Number MM54HC174* or MM74HC174* 


*Please look into Section 8, Appendix D for availability of various package types. 





Truth Table 
(Each Flip-Flop) 


igh tevel (steady state) : TL/F/5318-2 
ow level (steady state) 
Don't Care 
T = Transition from low to high level! 
Qo = The level of Q before the indicated steady state 
input conditions were established. 
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Absolute Maximum Ratings (notes 1 @ 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 6 Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc Vv 
Supply Voltage (Vcc) —0.5 to +7.0V (Vins Vout) 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Veg + 0.5V MM74HC —40 +85 °C 
Clamp Diode Current (lik, lox) +20 mA Moai =88 ales 2 
DC Output Current, per pin (lout) +25mA Bit a shaeedlt rg 4000 a 
DC Vcc or GND Current, per pin (Icc) +50 mA Voo=4.5V 500 ns 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc =6.0V 400 ns 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temperature (T,) 

(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 













Parameter 





Minimum High Level 
Input Voltage 





Maximum Low Level 
Input Voltage** 

















Minimum High Level 
Output Voltage 


Vin= Vio OF ViL 
lout] S20 pA 


Vin= Vin OF ViL 
llout| <4.0 mA 
llout| <5.2 mA 










Maximum Low Level 
Output Voltage 


Vin = Vin oF Vit 
lout] <20 pA 


Vin=VIH OF ViL 
lout] <4.0 mA 
llout| <5.2 mA 


Maximum Input Vin= Vcc or GND | 6.0V +0.1 —+£1.0 
Current 

Maximum Quiescent | Vin=VcocorGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 






Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vjy and Vi_ occur at Vcc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (Ij, 
Ioc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 


3-164 


AC Electrical Characteristics voc=5v, T,=25°C, C, = 15 pF, t= t;=6 ns 


Symbol Parameter Conditions | Typ Guaranteed 
Limit 

fax Maximum Operating MHz 
Frequency 

tpHL, tpLH | Maximum Propagation 16 
Delay, Clock or Clear to Output 
Minimum Removal Time, 
Clear to Clock 
Minimum Setup Time 10 
Data to Clock 

tH Minimum Hold Time 
Clock to Data 

tw Minimum Pulse Width 10 16 
Clock or Clear 


AC Electrical Characteristics C_=50 pF, t-=ts=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Symbol Parameter Conditions A Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 




























fMAX Maximum Operating 2.0V 5 4 MHz 
Frequency 4.5V 27 a1 MHz 
6.0V 31 24 MHz . 
tpHt, teLH | Maximum Propagation 2.0V 165 206 248 ns 
Delay Clock or Clear to Output 4.5V 33 A 49 ns 
6.0V 28 35 42 ns 
tREM Minimum Removal Time 2.0V{ 1 5 ns 
Clear to Clock 45V] 1 5 ns 
6.0V| 1 5 ns 
ts Minimum Setup Time 2.0V | 42 150 ns 
Data to Clock 4.5V | 12 30 ns 
6.0V | 10 25 ns 
ty Minimum Hold Time 2.0V} 1 ns 
Clock to Data 4.5V1 1 ns 
6.0V; 1 ns 
tw Minimum Pulse Width 2.0V ] 35 120 ns 
Clock or Clear 4.5V | 10 24 ns 
6.0V; 8 20 ns 
ttLH, trHL | Maximum Output Rise 2.0V | 30 ns 
and Fail Time 45V! 8 ns 
6.0V} 7 ns 
tr, te Maximum input Rise and 2.0V 1000 ns 
Fall Time 4.5V 500 ns 
6.0V 400 ns 
Cpp Power Dissipation (per package) pF 
Capacitance (Note 5) 
Cin Maximum Input pF 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Icc Voc, and the no load dynamic current consumption, Is =Cpp Vcc f+ Icc- 
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MM54HC175/MM74HC175 


National 
Semiconductor 


MM54HC175/MM74HC175 


Quad D-Type Flip-Flop With Clear 


General Description 


This high speed D-TYPE FLIP-FLOP with complementary 
outputs utilizes advanced silicon-gate CMOS technology to 
achieve the high noise immunity and low power consump- 
tion of standard CMOS integrated circuits, along with the 
ability to drive 10 LS-TTL loads. 


Information at the D inputs of the MM54HC175/ 
MM74HC175 is transferred to the Q and Q outputs on the 
positive going edge of the clock pulse. Both true and com- 
plement outputs from each flip flop are externally available. 
All four flip flops are controlled by a common clock and a 
common CLEAR. Clearing is accomplished by a negative 
pulse at the CLEAR input. All four Q outputs are cleared toa 
logical 0” and all four Q outputs to a logical “1.” 


Connection Diagram 


10 10 1D 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

m@ Typical propagation delay: 15 ns 

m Wide operating supply voltage range: 2-6V 

@ Low input current: 1 »A maximum 

m Low quiescent supply current: 80 pA maximum (74HC) 
w High output drive current: 4 mA minimum (74HC) 


Dual-In-Line Package 


3D 30 30 


TL/F/5319-1 


Top View 
Order Number MM54HC175* or MM74HC175* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 
(Each Flip-Flop) 


| inputs Outputs | 


H= high level (steady state) 
L = low level (steady state) 


= irrelevant 


T = transition from low to high level 
Qo = the level of Q before the indicated 
steady-state input conditions were established 
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Absolute Maximum Ratings (notes 1 @ 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Vogt 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ix, lox) +20 mA 
DC Output Current, per pin (lout) £25mA 
DC Vcc or GND Current, per pin (I¢c) £50 mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


600 mW 
500 mW 


Parameter 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 

Input Voltage** 
Vin = Vin OF Vit 
Noutl<20 pA 


Minimum High Level 
Output Voltage 2.0V 
4.5V 


6.0V 


ViIN= Vin OF Vit 
\louT| <4.0 mA 
llout|<5.2 mA 


4.5V 
6.0V 
Maximum Low Level 
Output Voltage 


Vin=VIH OF ViL 
llout| <20 pA 2.0V 
4.5V 


6.0V 
Vin= Vin OF Vit 
lout] <4.0 mA 
llout|<5.2 mA 


Maximum Quiescent 
Supply Current 


Conditions 


4.5V 
6.0V 
Maximum Input Vin=Vcc or GND | 6.0V 
Current 

Vin= Vcc or GN 
louT=0 pA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin-VouT) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Vcc =4.5V 
Voc =6.0V 


~40 
—55 


ae 74HC S4HC 
Ta=25°C Ta=—40to 85°C | Ta= —55to 125°C | Units 


Typ 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 


5.9 5.9 5.9 
3.98 3.84 3.7 
5.48 5.34 5.2 


0.1 
0.1 


1.9 
4.4 


0.1 
0.1 


0.1 0.1 0.1 

0.26 0.33 0.4 

0.26 0.33 0.4 
ee oe ed 


0.1 
0.1 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N"” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vjq and Vi, occur at Vog =5.5V and 4.5V respectively. (The Vj; value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no !ater than Q1, CY’89. 
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MM54HC175/MM74HC 175 


AC Electrical Characteristics voo=5v, Ta=25°C, C_=15 pF, t=ty=6 ns - 


fax Maximum Operating 
Frequency 
tpLy | Maximum Propagation 
Delay, Clock to QorQ 
tpLH | Maximum Propagation 
Delay, Reset to Q or Q 
tREc Minimum Removal 
Time, Clear to Clock — 


Minimum Setup Time, Data to Cloc 
ty Minimum Hold Time, Data from Clock = 
tw Minimum Pulse Width, Clock or Clear | if tof t6 


AC Electrical Characteristics vo¢=2.0v to 6.0v, CL =50 pF, t;=t)=6 ns (unless otherwise specified) 
Ta=25°C 74HC 54HC 
Symbol Parameter Conditions A Ta=—40to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 
fax Maximum Operating 2.0V 12 6 5 4 MHz 
Frequency 4.5V | 60 30 24 20 MHz 
6.0V | 70 35 28 24 MHz 
tpHL, teLH | Maximum Propagation 2.0V | 80 190 225 
; Delay, Clock toQ orQ 4.5V | 15 38 45 
6.0V | 13 32 38 
tpHL tpLH | Maximum Propagation 2.0V | 64 158 186 
Delay, Reset to Q or Q 45V ) 14 32 37 
6.0V | 12 | 27 32 
tREM Minimum Removal Time 2.0V 100 150 
Clear to Clock 4.5V 20 30 
6.0V 17 25 
ts Minimum Setup Time 2.0V 
Data to Clock 4.5V 20 25 
6.0V 
tH Minimum Hold Time 
Data from Clock 
tw Minimum Pulse Width 
Clear or Clock 16 
‘ B 14 
tr, te Maximum Input Rise and 2.0V 1000 
Fall Time 4.5V 500 500 
6.0V 400 400 
tron, true | Maximum 2.0V | 30 | 75— 
Output Rise and 4.5V 9 15 22 
Fall Time 6.0V 8 13 19 
Cpp Power Dissipation (per 
Capacitance (Note 5) package) 
Cin Maximum Input 10 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc2 f+ Icc Voc, and the no load dynamic current consumption, Is = Cpp Vcc f+Icc. 
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MM54HC181/MM74HC181 





National 
Semiconductor 


MM54HC181/MM74HC181 


Arithmetic Logic Units/Function Generators 


General Description 


These arithmetic logic units (ALU)/function generators uti- 
lize advanced silicon-gate CMOS technology. They possess 
the high noise immunity and low power consumption of 
standard CMOS integrated circuits, as well as the ability to 
drive 10 LS-TTL loads. 


The MM54HC181/MM74HC181 are arithmetic logic unit 
(ALU)/function generators that have a complexity of 75 
equivalent gates on a monolithic chip. These circuits per- 
form 16 binary arithmetic operations on two 4-bit words as 
shown in Tables 1 and 2. These operations are selected by 
the four function-select lines (SO, Si, S2, S3) and include 
addition, subtraction, decrement, and straight transfer. 
When performing arithmetic manipulations, the internal car- 
ries must be enabled by applying a low-level voltage to the 
mode control input (M). A full carry look-ahead scheme is 
made available in these devices for fast, simultaneous carry 
generation by means of two cascade-outputs (pins 15 and 
17) for the four bits in the package. When used in conjunc- 
tion with the MM54HC182 or MM74HC182, full carry look- 
ahead circuits, high-speed arithmetic operations can be per- 
formed. The method of cascading HC182 circuits with these 
ALU’s to provide multi-level full carry look-ahead is illustrat- 
ed under typical applications data for the MM54HC182/ 
MM74HC182. 


Connection Diagram 


Dual-In-Line Package 


INPUTS OUTPUTS 


IN, 
Vcc Al B1 A2 B2 A3 B3 G Chtq4 P A=B F3 





BO AO $3 S2 $1 


SO Cyh M FO F1 F2 GND 
ee 


INPUTS OUTPUTS 
TL/F/5320-1 


Top View 
Order Number MM54HC181* or MM74HC181* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


If high speed is not of importance, a ripple-carry input (C,,) 
and a ripple-carry output (C,;+4) are available. However, 
the ripple-carry delay has also been minimized so that arith- 
metic manipulations for small word lengths can be per- 
formed without external circuitry. 


Features 
Full look-ahead for high-speed operations on 
long words 
w Arithmetic operating modes: 
Addition 
Subtraction 
Shift operand a one position magnitude comparison 
Plus twelve other arithmetic operations 
m Logic function modes: 
Exclusive-OR 
Comparator 
AND, NAND, OR, NOR 
Plus ten other logic operations 
Wide operating voltage range: 2V-6V 
@ Low input current: 1 »A maximum 
mw Low quiescent current: 80 pA maximum 


Pin Designations 


Designation | PinNos. | Function | 
A3,A2,A1,A0 | 19,21,23,2 | Word A Inputs 
B3,B2,B1,B0 | 18,20,22,1 | Word B Inputs 


$3, $2, $1, SO Function-Select 
Inputs 


inv. Cary Input 


Mode Control 


Input 


F3, F2, eres FO 13, 11, sae 9 Function ea 


Comparator | Comparator Outputs | 


Carry Propagate 
Output 


atts Inv. Carry Output 


Carry Generate 
Output 


Supply Voltage 


Ground 
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General Description (continued) 


These circuits will accommodate active-high or active-low 
data, if the pin designations are interpreted as shown below. 


Subtraction is accomplished by 1’s complement addition 
where the 1’s complement of the subtrahend is generated 
internally. The resultant output is A—B—1, which requires 
an end-around or forced carry to produce A—B. 


The 181 can also be utilized as a comparator. The A=B 
output is internally decoded from the function outputs (FO, 
F1, F2, F3) so that when two words of equal magnitude are 
applied at the A and B inputs, it will assume a high level to 
indicate equality (A=B). The ALU should be in the subtract 
mode with C,=H when performing this comparison. The 
A=B output is open-drain so that it can be wire-AND con- 
nected to give a comparison for more than four bits. The 
carry output (C,+4) can also be used to supply relative 
magnitude information. Again, the ALU should be placed in 
the subtract mode by placing the function select inputs S3, 
$2, $1, SO at L, H, H, L, respectively. 
These circuits have been designed to not only incorporate 
all of the designer's requirements for arithmetic operations, 


Pin Number 


but also to provide 16 possible functions of two Boolean 
variables without the use of external circuitry. These logic 
functions are selected by use of the four function-select in- 
puts (SO, S1, S2, S3) with the mode-control input (M) at a 
high level to disable the internal carry. The 16 logic func- 
tions are detailed in Tables 1 and 2 and include exclusive- 
OR, NAND, AND, NOR, and OR functions. 


ALU SIGNAL DESIGNATIONS 


The MM54HC181/MM74HC181 can be used with the signal 
designations of either Figure 1 or Figure 2. 


The logic functions and arithmetic operations obtained with 
signal designations as in Figure 7 are given in Table 1; those 
obtained with the signal designations of Figure 2 are given 
in Table 2. 

The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


L8LOHPZWIN/|}SLOHPSIN 


2 | 1 | 23 | 22 | ar | 20/9 | | 9 | of a] is | 7 | 16 | 15 | 


Active-High Data (Table 1) 
Active-Low Data (Table 1) 


Ao | 80 | at | er | a2 | 82 | aa | 83 | Fo | Ft | Fe | F3 | Gn | Cove | X | 
| Ro | Bo | At | Br | Ae | Be | As | 3 | Fo | Fi | F2| FS | Cn] Cova | F 





Output | Active-High Data 
Cht4 (Figure 1) 
H 


2) (4) (23) (22) (21) (20) (19) (18) 


BO Al B1 A2 B2 A3 B3 


HC181 


Y2 X20 «Y3 X3 


xO Y1 X1 


HC182 


Coty 





(V1) (9) 
TL/F/5320-2 


FIGURE 1 


5 Geass Cb Ege! a GS HEE a ee oe ra nea beac le 
om Oe aceon baie ON eee al raeded semua De zee EMSS CAN rae! peed roel oa 
LL rehire rear roe ee 
Gere LeeLee Loe ae 


Active-Low Data 
(Figure 2) 


A2B 
A<B 
A>B 
A<B 


A<B 
A>B 
A<B 
A2B 


Table | 
Active High Data 


M=H M=L; Arithmetic Operations 


Logic 
Functions Cr=L (with carry) 


F=A Plus 1 

F=(A + B) Plus 1 

F=(A + B) Plus 1 
F=Minus 1 (2’s Compl) | F= Zero 
F=A Plus AB F=A Plus AB Plus 1 
F=(A + 8)PlusAB  |F=(A + B) Plus AB Plus 1 
F=A Minus B Minus 1 |F=A Minus B 
F=AB Minus 1 F=AB 
F=A Plus AB F=A Plus AB Plus 1 
F=APlusB F=A Plus B Plus 1 
F=(A + B) Plus AB F=(A + B) Plus AB Plus 1 
F=AB Minus 1 F=AB 
F=A Plus A* F=A Plus A Plus 1 
F=(A + B) PlusA F=(A + B) Plus A Plus 1 
F=(A + B) PlusA F=(A + B) Plus A Plus 1 
F=A Minus 1 F=A 


ott 
>| >| >! 
oO 


+ 
ioe) 


ak 


oO 


ll iouot ol ll 
>l > > Oi > 

ive) el + Ao 

Ol w o 


++ 
@ ol 


oe eee ere ne 


i 
>Prr-+>o > 


*Each bit is shifted to the next more significant position. 
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General Description (continue) 


fh Eee ee ee eee ee 
i AO RA ls OO pa el el pee a CO OM ca ed a 


(2) (1). (23) (22) (21) (20) 


‘AO BO 


Ch 


(9) 


OO 
GO PO 


Cy 


M=H 
Logic 
Functions 


ll 
+ >I 


ll 
oO] > 
+ 
ioe) 


Il 
ol Ww 


tl 


+ P44 
iss] 


al 
DO Ol + 
iss) 


Ps Oe OR sue fee SU AR ca aed YAS ON ee ee De ce cd 
lt ll 
>rroruarr>ir>?> 


Oa see A eda PN) ee a ces Ca peas SA coo OR) eee OI od 
vrATIFaAAMAMAMAM AMA TMA ATH TN 
It 


Al Bi A2 B2 
HC181 


F3_ Cat+4 
e 


(10) (41) (13) (16) 


(4) (1) (2) (14) (15) 


oO. © 
G1 P1 G2 P2 
HC182 


Cnty 


(11) 


FIGURE 2 


Table tl 


M=L; Arithmetic Operations 


F=A Minus 1 

F=AB Minus 1 
F=AB Minus 1 
F=Minus 1 (2’s Compl) 
F=A Plus (A + B) 
F=AB Plus (A + B) 
F=A Minus B Minus 1 
F=A+B 

F=A Plus (A + B) 
F=A PlusB 

F=AB Plus (A + B) 
F=A+8 

F=A Plus A* 

F=AB PlusA 

F=AB PlusA 

F=A 


*Each bit is shifted to the next more significant position. 


Number 
of 
Bits 


1to4 
5to8 
9 to 16 
17 to 64 


Package Count 


-Arithmetic/ Look Ahead 
Logic Units | Carry Generators 


Addition Times 
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F=A 

F=AB 

F=(AB) 

F=Zero 

F=A Plus (A + B) Plus 1 
F=AB Plus (A + B) Plus 1 
F=A Minus B 

F=(A + B Plus 1 

F=A Plus (A + B) Plus 1 
F=A Plus B Plus 1 

F=AB Plus (A + B) Plus 1 
F=(A + B) Plus i 

F=A Plus A Plus 1 

F=AB Plus A Plus 1 
F= AB Plus A Plus 1 

F=A Plus 1 


Carry Method 
Between 
ALU’s 


None 
Ripple 
Full Look-Ahead 
Full Look-Ahead 





Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Voy) 

Clamp Diode Current (IIx, lox) 

DC Output Current, per pin (Iout) 

DC Vcc or GND Current, per pin (icc) 
Storage Temperature Range (Tstg) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Voc + 1.5V 
—0.5 to Voc + 0.5V 

+20 mA 
£25 mA 
£50 mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Symbol Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 

(any output except 
A=B) 


Maximum Leakage 
Open Drain Output Current 
(A=B Output) 


Maximum Low Level 
Output Voltage 


Maximum Input 
Current 


Maximum Quiescent Vin= Vcc or GND | 6.0V 
Supply Current lout =0 pA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HG 
’ MM54HC 
Input Rise or Fall Times 
(t,t)  Voc=2.0V 
Voc=4.5V 
Voc=6.0V 


74HC 54HC 


Guaranteed Limits 


Ta=25°C | +, = —40 to 85°C | Ta=—55 to 125°C | Units 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Vin=Vin Or Vit 
llguT|<20 pA 2.0V 
4.5V 


6.0V 


Vin= Vin OF ViL 
llout| <4.0 mA 


llout| <5.2 mA 


Vin= Vin OF Vit 
Vout = Vcc 


Vin= Vin oF Vit 
Nout|<20 pA 2.0V 
4.5V 


6.0V 


Vin= Vin or Vit 
lloyt| <4.0 mA 4.5V 
lout] <5.2 mA 6.0V 


Vin=Vcc or GND | 6.0V 


1. 1.5 
3.15 3.15 
. 4.2 


2.0 1.9 
4.5 


6.0 
4.5V } 4.2 
6.0V | 5.7 

a 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


fb 
nN 


4.4 
5.9 


5.9 
3.84 3.7 
5.34 5.2 
[7 1. 


0.1 : 0.1 
0.1 an 0.1 


0.1 0.1 
0.4 
0.4 
160 


0.26 
0.26 


£0.41 +1.0 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Von, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viq and Vi_ occur at Voc = §.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, !oc, and 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


** Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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MM54HC181/MM74HC181 


AC Electrical Characteristics Voc = 5v, Ta = 25°C, C, = 15 pF, t, = = 6ns 


. Guaranteed 
tepHL, tpLy | Maximum Propagation 
Delay from Cp, to Cp +4 
teHL, tpLy | Maximum Propagation | M=O0V, SO=S3=Vco 45 
Delay fromany S1=S0=0V 
AorB toCyt+4 (Sum mode) 


tpHt, tp_y | Maximum Propagation | M=0V, SO=S3=0V 
Delay from any $1=S2=Vcc 
AorB toCy+4 (Diff. mode) 


tpHL, tpty | Maximum Propagation | M=0V 
Delay from C, to any F | (Sumor 
Diff. mode) 


tpH_, tppy | Maximum Propagation 
Delay from any S3=Vcc 
AorBtoG S1=S2=0V 
~ | (Sum mode) 


tpHL, tpLH | Maximum Propagation 
Delay from any - | S3=0V 
AorBtoG S1=S2=Vcc 
(Diff mode) 


tpHL tpLH | Maximum Propagation | M=O0V, SO= 
Delay from any | S83=Voc 

AorBtoP $1=S2=0V 

(Sum mode) 


tpHL tpLH | Maximum Propagation | M=O0V, SO= 
Delay from any S3=0V 
AorBtoP $1=S2=Vcc 
"| (Diff mode) 


tpH-L, tpLH | Maximum Propagation | M=O0V,SO= 
Delay from A; or B; to F; | S8=Veoc 
$1=S2=0V 
(Sum mode) 
tpHL, tpLH | Maximum Propagation | M=OV, SO= 
Delay from A; or B; to F; | S3=0V 
$1=S2=Vcoc 
(Diff mode) 


tpHL, tpt | Maximum Propagation M=Vcc 37 
Delay from A; or B; to Fy | (Logic mode) 


tpH-L, tpLH | Maximum Propagation 25 37 
Delay from any S3=0V 
AorBtoA=B $1=S2=Voc 
(Diff mode) 
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AC Electrical Characteristics C, = 50 pF, t, = t; = 6 ns (unless otherwise specified) 


Symbol 


teHt: tpLH 


tPHL tpLH 


tepHL tpLH 


teHL teLH 


tPHL: tPLH 


tPHt tepLH 


tPHL: tPLH 


teHL: tPLH 


tPHL: tPLH 


tPHL tPLH © 


teHL tPLH 


tpHL, tepLH 


ttt, tTHL 


Cin 


Parameter Conditions 
Typ 


Maximum Propagation 
Delay from Cy, to Cn +4 


Maximum Propagation 
Delay from any 
AorBtoC,+4 


Maximum Propagation 
Delay from any 
AorBtoC,+4 


Maximum Propagation 
Delay from Cy to any F 


Maximum Propagation 
Delay from any 
AorBtoG 


Maximum Propagation 
Delay from any 
AorBtoG 


Maximum Propagation 
Delay from any 
AorBtoP 


Maximum Propagation 
Delay from any 
AorBtoP 


Maximum Propagation 
Delay from A| or B, to F; 


Maximum Propagation 
Delay from A, or By to F; 


Maximum Propagation 
Delay from A; or B, to F; 


Maximum Propagation 
Delay from any 
AorBtoA=B 


Maximum Output Rise 
and Fall Time 

Power Dissipation 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Icc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ Ico. 


M=OV, SO= 
S3=Voc 

S1=S2=0V 
(Sum mode) 


M=OV, SO= 
S$3=0V 
$1=S2=Vcc 
(Diff mode) 
M=0V 

Diff mode) 


M=OV, SO= 
S3=Vcc, 

$1=S2=0V 
(Sum mode) 


M=OV, SO= 
S3=0V 
S$i=S2 

(Diff mode) 
M=OV, SO= 
$3=Vcc 
$1=S2=0V 
(Sum mode) 


M=OV, SO= 


$3=0V 
$1=S2=Vcec 
(Diff mode) 


M=OV, SO= 
$3=Vcc 
$1=S2=0V 
(Sum mode) 


M=OV, SO= 
$3=0V 
$1=S2=Vcc 
(Diff mode) 


M=Vcc 
(Logic mode) 


M=O0V, SO= 
$3=0V 
S1=S2=Vec 
(Diff mode) 





Ta=25°C ae 


L8SLOHPZWIN//SLOHPSWW 


Guaranteed Limits 


125 155 190 
25 31 38 
22 28 33 


250 325 375 
50 63 75 
43 53 65 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


250 375 
75 


65 


hoa 
oo 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


—NMON/ HNO 
NOO/ANA 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


— = € 
non 


wo nN oO 
—- a SJ 
oun 
— 
oa 
_ — 1 
oa © 
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74HC 
Ta=—40 to 85°C | Ta=—55 to 125°C | Units 


MM54HC181/MM74HC181 


Parameter Measurement Information 
Logic Mode Test Table Function Inputs: S1=S2=M=Vcc, S0O=S3=0V 


roe | a ae | ee ae | | oe | 
GND GND 


SUM Mode Test Table Function Inputs: SO=S3=Vcc S$1=S2=M=0V 


Other input 
Same Bit Other Data inputs 


| Output 
Apply | Apply Apply = Waveform 
Vec GND 
Remaining 
Remaining 
Remainin 
Remainin 
t paarig Roan p 
PHL: tPLH In-Phase 
- “A Any F 


Diff Mode Test Table Function Inputs: $1=S2= Vcc, S0O=S3=M=0V 


pba - Other Data Inputs Output 
Under Output 
Apply ~ Apply Test Waveform 
GND GND 
teancteta A; Remaining Remaining F| In-Phase 
A B, Cy 
teupstens Bela Remaining Out-of-Phase 
B, Cy 
deel 
peanind 
tpHL tPpLH A and B, Cn ae Out-of-Phase 
Remaining 
tPHL feUH A and B, Cp = —— 
Mee 
ipuitony Al Remaining Remaining A=B In-Phase 
A B, Ch 
feack teeny A Remaining Remaining A=B Out-of-Phase 
A B, Ch 
All Cyht+4 
Remainin 


tPHL: tpLH None bt he Cyat+4 In-Phase 
n 


Output 


Parameter 





Parameter 
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MM54HC 182/MM74HC 182 


National © 
Semiconductor 


MM54HC 182/MM74HC182 
Look-Ahead Carry Generator 


General Description 


The MM54HC182/MM74HC182 is a high speed LOOK- 
AHEAD CARRY GENERATOR utilize advanced silicon-gate 
CMOS technology. It has the low power consumption and 
high noise immunity of standard CMOS integrated circuits, 
along with the ability to drive 10 LS-TTL loads. 


These circuits are capable of anticipating a carry across four 
binary adders or groups of adders. They are cascadable to 
perform full look-ahead across n-bit adders. Carry, gener- 
ate-carry, and propagate-carry functions are provided as 
shown in the pin designation table. 

When used in conjunction with the HC181 arithmetic logic 
unit, these generators provide high-speed carry look-ahead 
capability for any word length. Each HC182 generates the 
look-ahead (anticipated carry) across a group of four ALU’s 
and, in addition, other carry look-ahead circuits may be em- 
ployed to anticipate carry across sections of four look- 
ahead packages up to n-bits. The method of cascading cir- 
cuits to perform multi-level look-ahead is illustrated under 
typical application data. 


Connection Diagram 


Carry input and output of the ALU’s are in their true form, 
and the carry propagate (P) and carry generate (G) are in 
negated form; therefore, the carry functions (inputs, outputs, 
generate, and propagate) of the look-ahead generators are 
implemented in the compatible forms for direct connection 
to the ALU. Reinterpretations of carry functions as ex- 
plained on the HC181 data sheet are also applicable to and 
compatible with the look-ahead generator. 


Features 

@ TTL pinout compatible 

@ Typical propagation delay: 18 ns (clock to Q) 

m Wide operating supply voltage range: 2—-6V 

m@ Low input current: 1 »A maximum 

m@ Low quiescent supply current: 80 nA maximum (74HC 
Series) 

@ Fanout of 10 LS-TTL loads 


Dual-In-Line Package 


INPUTS 


OUTPUTS 


i 
Ch Cntx Cnty G 


16 
O 


INPUTS 


15 14 13 12 11 10 9 
ae = s an 
Leeann 
2 3 4 5 6 7 8 


1 





Pp 
OUTPUT 
TL/F/5321~1 


Top View 


Order Number MM54HC182* or MM74HC182* 
*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Veo t+ 1.5V 
DC Output Voltage (Voy) —0.5 to Veo + 0.5V 
Clamp Diode Current (I}x, lox) +20mA 
DC Output Current, per pin (loyrt) +25mA 
DC Vcc or GND Current, per pin (Icc) +50mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature 

‘(T.) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level: 
Input Voltage** 


Minimum High Level 
Output Voltage 


ViIn= Vin OF Vit 
lout] <20 pA 


Vin= Vin OF Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Vin = Vin oF Vit 
llout]<20 pA 


Maximum Low Level 
Output Voltage 


6.0V 
Vin= Vin oF ViL 


llout| <4.0 mA 
llout| <5.2 mA 


4.5V 
6.0V 


: 74HC 54HC 
= ao =—40 to 85°C | Ta=—55 to 125°C 


0.2 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 
Input Rise or Fall Times 
(tr, t)  Vcoc=2.0V 
Vec=4.5V 
Vec=6.0V 


Units 
Guaranteed pellshe 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 
Current 

Maximum Quiescent | Vin=VcocorGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Vox, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Viy and Vj, occur at Voc = 5.5V and 4.5V respectively. (The Vi} value at 5.5V Is 3.85V.) The worst vase leakage current (In, 
Ioc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


** Vic limits are currently tested at 20% of Voc. The above Vj. specification (30% of Vcc) will be implemented no later than Q1, CY'89. 


AC Electrical Characteristics voc=5v, Ta=25°C, C_= 15 pF, t-=ty=6 ns 


tpHL tepLH 


Conditions Guaranteed Limit 
Maximum Propagation Delay - Pn to P aaa eo 


24 


Maximum Propagation Delay - Cn to any output EES Gc = eee eee 


Maximum Propagation 
Delay - Pn or Gn to any output 
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teHu tPLH 
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MM54HC 182/MM74HC182 


AC Electrical Characteristics v.c=2.0v to 6.0v, C, =50 pF, t;=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Conditions . Ta= = — 40 to 85°C | Ta= —55 to 125°C | Units 
tye | Guaranteed Limits 
tpHL, tpt | Maximum Propagation 2.0V ne. 
Delay 4.5V 
PntoP 6.0V 
tpHL, tpLH | Maximum Propagation 2.0V 
Delay 4.5V 
Cn to any output 6.0V 
tpHt, tpLH | Maximum Propagation 2.0V 155 194 225 
Delay 4.5V = ye 54 
Pn or Gn to any output 6.0V 48 
tri, trHL | Maximum Output Rise 2.0V A 110 
and Fall Time 4.5V 22 
6.0V 19 


Fombemeencoamma) eS a ies) ap eae etd 
[Maximum inputCapacitance | | | 5 Pwo] to Tt 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+ Ico Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 


Logic Equations 
Cn+x=G0+PO0 Cp Cn+x= YO (XO+Cp) 
Ch+y=G1+P1 GO+P1 POC, Cn+y=YT [X1+Y0 (XO+C,)] 


mite G2+P2G1+P2P1 POC, Cn+2= Y2 (X2+Y1 [X1+ YO (XO+FC,)I} 
=G3+P3 G2+P3 P2 G1+Pa P2 Pi GO Y=Y3 (X3+Y2) (X3+X2+Y1) (X3+X2+X1+ YO) 


pe P3 P2 P1 PO X=X3+X2+X1+X0 


7 FUNCTION TABLE FUNCTION TABLE 
FUNCTION TABLE FOR G OUTPUT — sane P OUTPUT FOR Cr+ OUTPUT 


cere OUTPUT [INPUTS _| OUTPUT INPUTS _| OUTPUT 
G P3 P2 Pi Po [GO _PO_Cy | Cn+x 
H 


Pi 

xX L LLL L XxX xX 
X All other H X L H 
X combinations All other 
L Z y 


combinations 


Go P3 
4 xX xX 
L xX L 
x xX L 
x LoL 
All other combination 


FUNCTION TABLE 


FUNCTION TABLE FOR C,4 2 OUTPUT FOR Cy+y OUTPUT 


INPUTS OUTPUT INPUTS OUTPUT 
[2 Gi Go P2 Pi PO Cal Chaz | Cnty 


Go P2 Pi P Go P1 Po 
Xx X X X Lx x x 
X L X X X L L xX 
L L LE X Xx X LL 
x L All other 


combinations 


LoL 
All other combinations 





H=high level L=lowlevel X=irrelevant 
Any inputs not shown in a given table are irrelevant with respect to that output. 
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Logic Diagram 


i >O 
>O 


Typical Application 
64-BIT ALU, FULL- CARRY LOOK AHEAD IN THREE LEVELS 


A and B inputs, and F outputs of 181 are not shown. 
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National — 

Semiconductor 
MM54HC 190/MM74HC190 Synchronous 
Decade Up/Down Counters with Mode 
Control MM54HC191/MM74HC191 
Synchronous Binary Up/Down Counters 


MM54HC 190/MM74HC190/MM54HC191/MM74HC191 


with Mode Control 


General Description 


These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL. 


These circuits are synchronous, reversible, up/down count- 
ers. The MM54HG191/MM74HC191 are 4-bit binary count- 
ers and the MM54HC190/MM74HC190 are BCD counters. 
Synchronous operation is provided by having all flip-flops 
clocked simultaneously, so that the outputs change simulta- 
neously when so instructed by the steering logic. This mode 
of operation eliminates the output counting spikes normally 
associated with asynchronous (ripple clock) counters. 


The outputs of the four master-slave flip-flops are triggered 
on a low-to-high level transition of the clock input, if the 
enable input is low. A high at the enable input inhibits count- 
ing. The direction of the count is determined by the level of 
the down/up input. When low, the counter counts up and 
when high, it counts down. 


These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change independent of the level of the clock in- 
put. This feature allows the counters to be used as modulo- 


Connection Diagram 


Dual-In-Line Package 
RIPPLE MAX/ 


CLocK = CLOCK MIN LOAD 


Qs Qa ENABLE DOWN/ Qc Qp GND 
G UP 


TL/F/5322-1 
Top View 


N dividers by simply modifying the count length with the 
preset inputs. 

Two outputs have been made available to perform the cas- 
cading function: ripple clock and maximum/minimum count. 
The latter output produces a high-level output pulse with a 
duration approximately equal to one complete cycle of the 
clock when the counter overflows or underflows. The ripple 
clock output produces a low-level output pulse equal in 
width to the low-level portion of the clock input when an 
overflow or underflow condition exists. The counters can be 
easily cascaded by feeding the ripple clock output to the 
enable input of the succeeding counter if parallel clocking is 
used, or to the clock input if parallel enabling is used. The 
maximum/minimum count output can be used to accom- 
plish look-ahead for high-speed operation. 


Features 

mw Level changes on Enable or Down/Up can be made re- 
gardiess of the level of the clock input 

mg Wide power supply range: 2-6V 

m Low quiescent supply current: 80 w»A maximum 
(74HC Series) 

@ Low input current: 1 »A maximum 


Count Up 
Count Down 
Load 
No Change 


Asynchronous inputs Low input to load sets ts Qa =A, 
Qg = B, Qo = C, andQp = D 


Order Number MM54HC190/191* or MM74HC190/191* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (Ix; lox) 

DC Output Current, per pin (lout) 

DC Vcc or GND Current, per pin (Ioc) 
Storage Temperature Range (Tstq) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T_) (Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Veg + 1.5V 
—0.5 to Voc + 0.5V 

+20 mA 
+25mA 
+50 mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (Note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin = Vin or Vit 
llout| $20 pA 


Vin= Vin or Vit 
llour| <4.0 mA 
lout! <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin oF Vit 
llourl $20 pA 


Vin = Vin OF ViL 
lloyt| $4.0 mA 
llout| <5. 2mA 


Maximum Input Vin=VccorGND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent } Vin=VccorGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Voy) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vjy and Vi_ occur at Vcc = 5.5V and 4.5V respectively. (The Viy value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


Operating Conditions 


Min 


Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 


(Vin, Vout) 


Operating Temp. Range (Ta) 


MM74HC 
MM54HC 


—40 
—55 


Input Rise or Fall Times 


(tr, te) Voc = 2.0V 
Voc= 4.5V 


Vcc =6.0V 


Guaranteed Limits 


1.5 1.5 
3.15 3.15 
4.2 4.2 


0.5 0.5 
1.35 1.35 
1.8 1.8 


1.9 1.9 
4.4 4.4 


5.9 9 5.9 
3.98 3.84 3.7 
5.48 5.34 5.2 


**Vi. limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC 190/MM74HC190/MM54HC 191/MM74HC191 


AC Electrical Characteristics 1, =25°c, Voc =5.0V, t,=t;=6 ns, C= 15 pF (unless otherwise specified) 


dats | parameter |e ict bates 
fax Maximum Clock * MHz 
Frequency 
teLH, tpHL Maximum Propagation Delay Time Load | Qa; Qg 
Qc, Qp 
tp, tPHL Maximum Propagation Delay Time Data A, Qa, Qg 27 
B,C,D Qc, Qp 
teLy, tpHL Maximum Propagation Delay Time Clock Ripple 16 
Clock 
teLH, tpHL Maximum Propagation Delay Time Qa, Qp | 
Qc; Qn 


teunten, | __Maximum Propagation DelayTime | Glock | Max/Min_ | 30 | 


tec, tpHL Maximum Propagation Delay Time Down/Up Ripple aed 
Clock = 


tecy, tPHL Maximum Propagation Delay Time Down/Up | Max/Min | 22 
tpHL, tpLH Maximum Propagation Delay Time Ripple Clock 


tw . Minimum Clock, Clear or Load 10 
Input Pulse Width 


AC Electrical Characteristics vcc=2.0v to 6.0v, C,=50 pF, t;=ty=6 ns (unless otherwise specified) 


a ——. 74HC 54HC 
Parameter (Output) | Yee x Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 


Maximum Clock 
Frequency 


tp_H, tpH_ | Maximum Propagation 
Delay Time 


tpiy, tpH_ | Maximum Propagation | Data A, 
Delay Time B,C,D 

tpLy, tpH_ | Maximum Propagation | Clock 
Delay Time 

tpcH. tpH_ | Maximum Propagation | Clock 
Delay Time 
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AC Electrical Characteristics (continued) 


T,=25°C 74HC 54HC 
Symbol Parameter lek t) Conditions oe ‘ Ta= — 40 to 85°C| Ta, = — 55 to 125°C; Units 
Guaranteed Limits 
tpLH, tpH_| Maximum Propagation Clock | Max/Min 2.0V on 
Delay Time 4.5V 
6.0V 
tpLH, tpH_|Maximum Propagation |Down/Up| Ripple 2.0V 210 
Delay Time Clock 4.5V 42 
6.0V 36 
tpLy,teH_ |Maximum Propagation wn/Up} Max/Min 2.0V 190 
i 4.5V 38 
6.0V 32 
tpHL, tpLH|Maximum Propagation | Enable | Ripple 2.0V 125 
Delay Time Clock 4.5V 25 
6.0V 21 
2.0V 125 
4.5V 25 
6.0V 21 
2.0V 100 
4.5V 20 
6.0V 17 
2.0V 
4.5V 
6.0V 
2.0V 150 
4.5V 30 
6.0V 26 
2.0V 
4.5V 
6.0V 
2.0V 100 
4.5V 20 
6.0V 17 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 


L6LOHPZWIN/L6LOHPSWIN/06LOHPZININ/O6LOHPSWIN 


Minimum Clock, Load or 
Clear Input Pulse Width 


Minimum Setup Time 


Data Hold Time 


ia 
ite ae 
Clock 
Enable 
Clock 
Load 
4.5V 
6.0V 


tw Minimum Load 2.0V 
Pulse Width 4.5V 
ana 

oN Input Capacitance lee coe Ed 


Power Dissipation 
Capacitance (Note 5) 


Note 5; Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f + Icc Voc, and the no load dynamic current consumption, ls = Cpp Voc f + 
loc. 


sane 


Minimum Setup Time 


Minimum Hold Time 


Minimum Setup Time 


ho @ 
oO Oo 


Minimum Hold Time 


a 
oO 


Minimum Removal Time 


“N © 


° 


trHL, trLH}| Maximum Output 
Rise and Fall Time 


oo 
oO 





ie) 

oa 
= Nj 
oOo rp 
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MM54HC 190/MM74HC 190/MM54HC191/MM74HC191 


Logic Diagrams 


’HC190 Decade Counters 


(13) 
RIPPLE CLOCK 


(12) 
MAX/MIN 


4 
ENABLE G “> O ie 
(5) 
DOWN/UP PR a 
Do OUTPUT 
oe Q 
pata (15) F | + 


INPUT A 


pata (1) panes 


(2) output 
dp 


Sool. (6) uy 


pata (9) 
INPUT D 


oo lg (7) eurewt 


Pin (16) = Voc, Pin (8) = GND TL/F/5322-2 
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Logic Diagrams (continued) 


’HC191 Binary Counters 


>o 


4 
ENABLE G 2 RIPPLE CLOCK 


t) 
DOWN /UP _ MAX/MIN 


oan 8) [OL : 
il i EE a LO 


_ aes 
it a i OUTPUT 

DQ 
Q 
al CK 4 

Ei CL 

|e 
CS TA 


_ 
oata (0) OP 


INPUT B lr i: al 
ai OUTPUT 
Qs 
[es 


INPUT A 


im 
TC A SB 
INPUT SI eae i 


Bi my 
i OUTPUT 
Oc 
. D> 
ama 


2 eee 
TL ees OS We BE RSS 


INPUT D f i 
Fi L vn 
es | L : 


Pa 
TL/F/5322-3 
Pin (16) = Vcc, Pin (8) = GND 
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MM54HC190/MM74HC190/MM54HC191/MM74HC191 


Timing Diagrams 
*HC190 Synchronous Decade Counters 
Typical Load, Count, and Inhibit Sequences 


pata | ® 
INPUTS } © 


D 
CLOCK 
DOWN/UP 
ENABLE 





| 
MAX/MIN ~ “7 


RIPPLE CLOCK — = 
7118 9 0 12 2/211 09 8 7 
1 It—counr Slams perro | |-—counT Down—~] 


LOAD 
TL/F/5322-4 


Sequence: 

(1) Load (preset) to BCD seven 

(2) Count up to eight, nine, zero, one and two 

(3) Inhibit 

(4) Count down to one, zero, nine, eight, and seven 


’HC191 Synchronous Binary Counters 
Typical Load, Count, and Inhibit Sequence 


LOAD 


DATA 
INPUTS 


CLOCK 
DOWN/UP 
ENABLE 





MAX/MIN — 7 


RIPPLE CLOCK — — 
— 








1 O 15 14 13 


2 
-—COUNT DOWN--~] 


— COUNT UP—~]-—___- 
til a I NBT! I 


LOAD 
TL/F/5322-5 
Sequence: 
(1) Load (preset) to binary thirteen 
(2) Count up to fourteen, fifteen, zero, one, and two 
(3) Inhibit 
(4) Count down to one, zero, fifteen, fourteen, and thirteen 
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National — 
Semiconductor 


MM54HC192/MM74HC192 
Synchronous Decade Up/Down Counters 
MM54HC193/MM74HC193 
Synchronous Binary Up/Down Counters 


General Description 


These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology to achieve the high noise im- 
munity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL. The 
MM54HC192/MM74HC192 is a decade counter, and the 
MM54HC193/MM74HC193 is a binary counter. Both coun- 
ters have two separate clock inputs, an UP COUNT input 
and a DOWN COUNT input. All outputs of the flip-flops are 
simultaneously triggered on the low to high transition of ei- 
ther clock while the other input is held high. The direction of 
counting is determined by which input is clocked. 


These counters may be preset by entering the desired data 
on the DATA A, DATA B, DATA C, and DATA D inputs. 
When the LOAD input is taken low the data is loaded inde- 
pendently of either clock input. This feature allows the count- 
ers to be used as divide-by-n counters by modifying the 
count length with the preset inputs. 

In addition both counters can also be cleared. This is ac- 
complished by inputting a high on the CLEAR input. All 4 
internal stages are set to a low level independently of either 
COUNT input. 


Connection Diagram 


Dual-In-Line Package 


DATA DATA DATA 
CLEAR BORROW CARRY LOAD 


Qa COUNT COUNT Qp GNO 
OOWN UP 


TL/F/5011-1 
Order Number MM54HC192/193* or MM74HC192/193* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Both a BORROW and CARRY output are provided to en- 
able cascading of both up and down counting functions. The 
BORROW output produces a negative going pulse when the 
counter underflows and the CARRY outputs a pulse when 
the counter overflows. The counters can be cascaded by 
connecting the CARRY and BORROW outputs of one de- 
vice to the COUNT UP and COUNT DOWN inputs, respec- 
tively, of the next device. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

@ Typical propagation delay, 
Count up to Q: 28 ns 

& Typical operating frequency: 27 MHz 

m Wide power supply range: 2-6V 

Low quiescent supply current: 80 »A maximum 
(74HC Series) 

@ Low input current: 1 w»A maximum 

@ 4 mA output drive 


Truth Table 


Count Up 
Count Down 
Clear 

Load 


H = high level 

L = low level 

T = transition from low-to-high 
X = don't care 
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MM54HC 192/MM74HC192/MM54HC 193/MM74HC193 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vn) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (lik, lox) +20 mA 
DC Output Current, per pin (lout) +£25mA 
DC Vcc or GND Current, per pin (Ic) +50 mA 
Storage Temperature Range (Tsta) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.0. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Symbol Parameter 


wa 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin or Vit 
lloyt|<20 pA 2.0V 
4.5V 


6.0V 
Vin=ViH OF Vit 
lloutl <4.0 mA 
lloutl <5.2mA 


4.5V 
6.0V 


Maximum Low Level 
Output Voltage 


Vin= Vin Or ViL 
llout| <20 pA 2.0V 
4.5V 


6.0V 
Vin= Vin OF ViL 
llout| <4.0 mA 
llout| <5. 2mA 


4.5V 
6.0V 


a Cc T= 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fali Times 
(t,t) Voc=2Vv 
Voc=4.5V 
Voc =6.0V 


74HC 54HC 
—40 to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


Maximum Input Vin=Vcc or GND |; 6.0V +0.1 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi} and Vi_ occur at Vcc =5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics Ta = 25°C, Voc = 5.0V, t;-=ty=6 ns, C= 15 pF (unless otherwise specified) 
fMAX Maximum Clock Frequency coverup we 
MHz 
tPLH Maximum Propagation Delay 17 26 ns 
Low to:High Count Up to Carry 
tPHL Maximum Propagation Delay 18 24 
High to Low 
tPLH Maximum Propagation Delay 16 24 
Low to High Count Down to 
tepHL Maximum Propagation Delay Borrow 15 24 
High to Low 
tpLH Maximum Propagation Delay 40 
Low to High Count Up Or 
tPHL Maximum Propagation Delay Down to Q 52 
High to Low 
tPLH Maximum Propagation Delay 30 42 
Low to High Bate ce 
Load toQ 
tPHL Maximum Propagation Delay 40 55 
High to Low 
tPpHL Maximum Propagation Delay Clear to Q 35 47 
High to Low 
Cisxe ’HC192 40 52 
"HC193 20 26 
Minimum Pulse Width (oad "HC192 40 52 
"HC193 10 20 
Count Up/Down 


Minimum Setup time 
Data to Load 
Minimum Hold Time 


Minimum Removal Time Clear Inactive 10 
to Clock 


AC Electrical Characteristics voc = 2.0V to 6.0v, C.= 50 pF, t,=ty=6 ns 


Symbol Parameter Voc Ta= —40 to 85°C | Ta = —55 to 125°C 
Guaranteed Limits 
ele] fot f 
Count Up , 18 
Maximum Clock Frequency - 


€6LOHPZWW/E6LOHPSWIN/261OHPZNIN/26LOHPSWN 








Maximum Propagation Delay 
Low to High 


2 
12° 
13 
2 
11 
12 
140 210 
28 42 
24 36 
Maximum Propagation Delay | to Carry Ei 195 


Count Up 


High to Low 39 


33 


Ty 
5 
25 
29 20 
5 4 
Count Down 27 20 
31 23 
30 
13 
11 
39 
16 
14 
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MM54HC 192/MM74HC192/MM54HC 193/MM74HC 193 


AC Electrical Characteristics (Continued) Voc = 2.0V to 6.0V, C, = 50 pF, t,=t;=6 ns 


trix: trH_/Maximum Output Rise 2.0V; 30 75 
and Fall Time 45Vi 8 15 
6.0V| 7 13 
tPLH Maximum Propagation Delay 2.0V| 77 | 215 

Low to High 35 

30 

tPHL Maximum Propagation Delay 2.0V; 95 

High to Low 4.5vi 45 

6.0V} 38 

Maximum Propagation Delay 2.0V; 85 
Low to High 4.5Vi 37 46 
6.0V; 30 39 
Maximum Propagation Delay 2.0V; 102 | 290 
High to Low 4.5V| 47 58 
6.0V} 39 49 

Maximum Propagation Delay 2.0V 
High to Low Clear toQ 4.5V 

6.0V; 
Clear 2.0V) 
*HC192 |4.5V 
6.0V 


4.5V 


Count Up Or /|6.0V 


275 
55 
47 

tPLH 230 

tPHL 


tpHt. 265 


119 
42 
38 


260 
or 52 
Load 45 


20V; 31 100 
Load | 'HC193 /4.5V; 10 20 
6.0V; 9 17 


Minimum Pulse Width 
2.0V) 43 
Count Up/Down |4.5Vi 17 
6.0Vi 15 


2.0V; 70 
Clear |'HC193 /4.5V) 21 
6.0V| 19 
2.0V 100 
tsp Minimum Setup Time 4.5V 20 
To 6.0V 17 
Load 2.0V| 
tHD Minimum Hold Time 4.5V 
_ {6.0V 
trem Minimum Removal Time Clear Inactive {2.0V 10 
to Clock 4.5V 10 
6.0V 10 
Maximum Count Up or Down re soi 
Input Rise & Fall Time 6.0V 


300 

200 
input Capacitance eee ee SE Be 
Power Dissipation Capacitance (Note 5) Pf to J 


110 
22 
19 





tr, ty 


Cin 
Cpp 


74HC 54HC 
Ta= — 40 to 85°C)Ta = — 55 to 125°Ciunits 


Guaranteed Limits 


195 
39 
33 


110 
22 
19 


95 
19 


54 
46 


344 
69 
59 


288 
58 
49 


363 


83 
71 


69 
59 


331 398 


56 
125 


25 
21 


138 
28 
24 


163 


390 
78 
68 


30 


33 
28 
125 
25 
22 


10 10 
10 10 


10 


500 
300 
200 


a ae a ee 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Ioc. 
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Logic Diagrams _ 
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VEL-E 


MM54HC 192/MM74HC192/MM54HC 193/MM74HC 193 


MM54HC193 Synchronous 4-Bit Up/Down Binary Counter 


CIN Qc CARRY OuT 
© 10 06 O12 


| 
fe] 
2. 
if] 
go 
© 
a 
- 
» 
3 
” 
ce) 
S 

a 

Cc 

8 


TL/F/5011-3 





Logic Waveforms 


’HC 192 Synchronous Decade Counters 
Typical Clear, Load, and Count Sequences 


Qa 


QB 
OUTPUTS 
Qc 


Qo 
CARRY 


BORROW 


Jo] 
n~- na, 
PRESET 
en ee TL/F/S011-4 


Sequences: 

(1) Clear outputs to zero 

(2) Load (preset) to BCD seven. 

(3) Count up to eight, nine, carry, zero, one and two. 

(4) Count down to one, zero, borrow, nine, eight, and seven. 


’HC193 Synchronous Binary Counters 
Typical Clear, Load, and Count Sequences 


OUTPUTS 


CARRY 


BORROW 


fo} ts] 4 15 «(0 0 615 «14 «13 
COUNT UP COUNT DOWN 


=< 
CLEAR PRESET 


TL/F/5011-5 


Sequence: 

(1) Clear outputs to zero. 

(2) Load (preset) to binary thirteen 

(3) Count up to fourteen, fifteen, carry, zero, one, and two. 

(4) Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 

Note A: Clear overrides load data, and count inputs. 

Note B: When counting up, count-down input must be high; when counting down, count-up input must be high. 
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MM54HC 194/MM74HC 194 


National © 
Semiconductor 


MM54HC 194/MM74HC 194 
4-Bit Bidirectional Universal Shift Register 


General Description 


This 4-bit high speed bidirectional shift register utilizes ad- 
vanced silicon-gate CMOS technology to achieve the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS-TTL loads. This device operates at speeds similar to the 
equivalent low power Schottky part. 


This bidirectional shift register is designed to incorporate 
virtually all of the features a system designer may want ina 
shift register. It features parallel inputs, parallel outputs, 
right shift and left shift serial inputs, operating mode control 
inputs, and a direct overriding clear line. The register has 
four distinct modes of operation: PARALLEL (broadside) 
LOAD; SHIFT RIGHT (in the direction Qa toward Qp); 
SHIFT LEFT; INHIBIT CLOCK (do nothing). 


Synchronous parallel loading is accomplished by applying 
the four bits of data and taking both mode control inputs, SO 
and S1, high. The data are loaded into their respective flip 
flops and appear at the outputs after the positive transition 
of the CLOCK input. During loading, serial data flow is inhib- 
ited. Shift right is accomplished synchronously with the ris- 
ing edge of the clock pulse when SO is high and S1 is low. 


Connection Diagram 


QB 


CLEAR SHIFT A 


PARALLEL INPUTS 


SERIAL 
INPUT 


Function Table 


[| inputs 
[Mode| | _Seriat_| Paral! | 
[St s2| 


Left Right|A BC D| A @p @c Qp 


X 


rrirrerreix~x< 
rmreoeciriwi*KS< 
<x~R99590907°00 fF 


Serial data for this mode is entered at the SHIFT RIGHT 
data input. When SO is low and S1 is high, data shifts left 
synchronously and new data is entered at the SHIFT LEFT 
serial input. Clocking of the flip flops is inhibited when both 
mode control inputs are low. The mode contro! inputs 
should be changed only when the CLOCK input is high. 
The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

m@ Typical operating frequency: 45 MHz 

= Typical propagation delay: ns (clock to Q) 

m Wide operating supply voltage range: 2-6V 

@ Low input current: 1 wA maximum 

m Low quiescent supply current: 160 pA maximum 
(74HC Series) 

@ Fanout of 10 LS-TTL loads 


Dual-in Line Package 
_ Qp CLOCK $1 


D SHIFT GND 
LEFT 
SERIAL 


INPUT TL/F/5323-1 


Order Number MM54HC194* or MM74HC194* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

T = transition from low to high level 

a, b, c, d = the level of steady-state input at inputs A, B, C, or D, 
respectively. 

Qao: Qg0; Aco; Qpo = the level of Qa, Qg, Qc, or.Qp, respectively, 
before the indicated steady-state input conditions were established. 
Qan; Qn: Qcn, Qpn = the level of Qa, Qg, Qc, respectively, before 
the most-recent T transition of the clock. 





Absolute Maximum Ratings (notes 1 a 2) 


if Military/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Vec4 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 


Operating Conditions 
Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 
(Vin: Vout) 

Operating Temp. Range (Ta) 
MM74HC —40 
MM54HC —55 


Clamp Diode Current (lik, Iox) +20 mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (icc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 
Lead Temperature (T,) 


(Soldering 10 seconds) 260°C 


Input Rise or Fall Times 
(t,t) Voec=2.0V 
Voc =4.5V 
Voc =6.0V 


PGLOHPZIWI/P6LOHPSWIN 


600 mw 
500 mW 


DC Electrical Characteristics (note 4) 


| tana pee 74HC 54HC 
- Conditions AX Ta=—40 to 85°C | Ta=—55 to 125°C 
_ [oe Guaranteed Limits ; 


Minimum High Level 2.0V 1.5 1.5 
Input Voltage 4.5V 3.15 3.15 
6.0V 4.2 4.2 


Maximum Low Level 2.0V 0.5 
Input Voltage** 4.5V 1.35 
6.0V 1.8 


Parameter 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 

llout|<20 pA 2.0V | 2.0 . 1.9 
45V | 4.5 ; 4.4 
6.0V 5.9 


Vin= Vin Or Vit 


6.0 
llourl <4.0 mA 4.5V | 4.2 | 3.98 3.84 3.7 
llout| <5.2 mA 6.0V | 5.7 |. 5.48 5.34 5.2 


Vin = Vin OF Vit 
lout] <20 pA 2.0V 0.1 0.1 0.1 
4.5V 0.1 0.1 0.1 
6.0V 0.1 0.1 0.1 
Vin = Vin OF Vit 
llout| <4.0 mA 4.5V 0.26 0.4 
llourl<5.2 mA eles 0.26 
Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 
Current 
Maximum Quiescent | Vin=Vcc orGND {| 6.0V 
Supply Current louT=0 pA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: 12 mW/C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V + 10% the worst case output voitages (Von, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj and Vi, occur at Voc = 5.5V and 4.5V respectively. (The V4 value at 5.5V is 3.85V.) The worst case leakage current (lin, !cc, and 
igoz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vic limits are currently tested at 20% of Vcc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 


Maximum Low Level 
Output Voltage 
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MM54HC 194/MM74HC 194 


AC Electrical Characteristics voc=5v, Ta =25°C, C.=15 pF, t=t=6ns 


Guaranteed 
sont | pron | noe |e | SE [wt 
fax Maximum Operating 35 MHz 
Frequency 
tpHL tpt | Maximum Propagation 24 
Delay, Clock to Q ; 
teHL Maximum Propagation 
Delay, Reset toQ 
Minimum Removal Time, 
Reset Inactive to Clock 
Minimum Setup Time 
(A, B, C, D to Clock) 
Minimum Setup Time 
Mode Controls to Clock 
tw Minimum Pulse Width 
Clock or Reset 
ty Minimum Hold Time 
any Input 
AC Electrical Characteristics c, =50 pr, t,=t;=6 ns (unless otherwise specified) 


| is Sone 74HC 54HC 
Parameter | Conditions | Vcc i Ta= —40to 85°C | Ta= —55 to 125°C | Units . 


Guaranteed Limits 


fMax Maximum Operating 20V{| 10 | 6 5 4 
Frequency 4.5V 45 |- 30 24 20 MHz 
6.0V 50 35 28 24 MHz 


tpHL, tpLH | Maximum Propagation 2.0V 70 145 183 216 ns 
Delay, Clock to Q 4.5V 15 29 37 45 ns 
6.0V 12 2 31 37 ns 





5 
tpHL Maximum Propagation 2.0V 150 189 216 ns 
Delay, Reset to Q 4.5V 30 ' 37 45 ns 
6.0V 26 31 37 ns 
ttHL: trLH_ | Maximum Output Rise 2.0V | 30 75 110 ns 
and Fall Time 4.5V 8 15 22 ns 
6.0V 7 
tRem Minimum Removal Time : 
Reset Inactive to Clock 


ts Minimum Set Up Time 
(A, B, C, or D to Clock) 


Minimum Set Time 
Mode Controls to Clock 


Minimum Hold Time 
any Input 
Minimum Pulse Width 2.0V 30 80 
Clock or Reset 4.5V 89 16 
6.0V 8 14 
Maximum Input Rise and 2.0V 1000 
Fall Time 4.5V 500 
6.0V 400 
Cpp Power Dissipation 77 
Capacitance (Note 5) 
Cin Maximum Input 10 
Capacitance 


Note 5: Cpo determines the no load dynamic power consumption, Pp=Cpp Vec2 f+ cc Vcc, arid the no load dynamic current consumption, Is =Cpp Voc f+ loc. 
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Logic and Timing Diagrams 


PARALLEL INPUTS 


P6LOHPZWWW/P6LOHPSINN 


PARALLEL OUTPUTS 
TL/F/5323-2 


CLOCK 


MODE Iso 
CONTROL 
INPUTS |c, — 


CLEAR 


SERIAL | R 
DATA 
INPUTS | 1 


PARALLEL 
DATA 
INPUTS 





OUTPUTS 


ee 
a or 

SHIFT RIGHT SHIFT LEFT INHIBIT 
CLEAR LOAD CLEAR 


TL/F/5323-3 
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MM54HC 195/MM74HC 195 


National - 
Semiconductor 


MM54HC195/MM74HC195 
4-Bit Parallel Shift Register 


General Description 


The MM54HC195/MM74HC195 is a high speed 4-bit SHIFT 
REGISTER utilizes advanced silicon-gate CMOS technolo- 
gy to achieve the low power consumption and high noise 
immunity of standard CMOS integrated circuits, along with 
the ability to drive 10 LS-TTL loads at LS type speeds. 


This shift register features parallel inputs, parallel outputs, J- 
K serial inputs, SHIFT/LOAD contro! input, and a direct 
overriding CLEAR. This shift register can operate in two 
modes: PARALLEL LOAD; SHIFT from Qa towards Qp. 


Parallel loading is accomplished by applying the four bits of 
data, and taking the SHIFT/LOAD control input low. The 
data is loaded into the associated flip flops and appears at 
the outputs after the positive transition of the clock input. 
During parallel loading, serial data flow is inhibited. Serial 
shifting occurs synchronously when the SHIFT/LOAD con- 


Connection Diagram 


trol input is high. Serial data for this mode is entered at the 
J-K inputs. These inputs allow the first stage to perform asa 
J-K or TOGGLE flip flop as shown in the truth table. 

The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

m@ Typical operating frequency: 45 MHz 

@ Typical propagation delay: 16 ns (clock to Q) 

m Wide operating supply voltage range: 2-6V 

@ Low input current: 1 2A maximum 

m@ Low quiescent current: 80 »A maximum (74HC Series) 
w Fanout of 10 LS-TTL loads 


Dual-in-Line Package 


OUTPUTS 


CLEAR J 


SERIAL INPUTS 


_ SHIFT / 
@p CLOCK LOAD 


PARALLEL INPUTS 


TL/F/5324-1 


Top View 


Order Number MM54HC195* or MM74HC195* 


*Please look into Section 8, Appendix D for availability of various package types. 


Function Table 


Shift/ 
Load 
L X 


ry KlABco 


IrtrirIre 


[sera | Parallel 1g. G, Go ap Go 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 

T = transition from tow to high level 

a, b, c, d = the level of steady-state input at inputs A, B, C, 
or D, respectively. 

Qao, Qe0, Qco; Qpo = the level of Qa, Qp, Qc, or Qp, 
respectively, before the indicated steady-state input condi- 
tions were established. 

Qan, QBn Qcn = the level of Qa, Qg, Qc, respectively, 
before the most-recent transition of the clock. 





Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vij) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (I\K, lox) +20mA 
DC Output Current, per pin (Iqut) +25mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tsta) —65°C to + 150°C 


_ Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Conditions 


Parameter 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin = Vin OF ViL 
ligut|<20 pA 


Vin = Vin oF ViL 
llourl <4.0 mA 
llout| <5.2 mA 


Vin = Vin oF Vit 
lout] $20 pA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
\lout|<4.0 mA 
lloutl $5.2 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc =4.5V 
Voc =6.0V 


—40_ 
—55 


ofa 74HC 54HC 
Voc A Ta=—40 to 85°C | Ta= —55 to 125°C | Units 
1.5 
3.15 
2 
5 


Guaranteed Limits 


4 
0. 


1.8 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘“‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘‘J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (VoH, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vjy and Vj, occur at Vcc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vii limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 


3-201 





S6LOHPZNIW/S6LOHPSWIN 





MM54HC195/MM74HC195 


AC Electrical Characteristics voc=5v, T,= 25°C, C,=15 pF, t,=t;=6 ns 


Units 
fuax___|_MaximumOperating Frequency | | TM 
teutein | Maximum Propagation Delay,CiocktoQ | | 14 | 2k | 
ten, | Maximum Propagation Delay,ResettoQ |_| 16 | 25 
tem __|_MinimumRemovalTime, Shift/LoadtoClock | | Sf 
trem Minimum Removal Time, Reset Inactive to Clock eee eee eee eee 
Minimum Setup Time, (A,B,C,D,J,KtoClock) | = | | 2 | 
| Minimum Setup Time, Shitt/LoadtoClock |_| | 2 
Minimum Pulse Width Clock or Reset ia ae ae ee 
Minimum Hold Time, any Input except Shift/Load ee ee eee eee 


AC Electrical Characteristics c, =50 pF, t,=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 

Symbol Parameter Conditions | Vcc a Ta= —40 to 85°C | Ta=.—55 to 125°C.| Units 
| Typ | 

fMaAx Maximum Operaling 2.0V 

Frequency be Ss 

35 24 

oe 


Guaranteed Limits 
4.5V 
tpHL Maximum Propagation be 


Symbol 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


MHz 
MHz 
MHz 


ns 


6.0V 
2.0V 


tPHL tPLH 


Delay, Reset to Q or Oo 


Maximum Propagation . 
Delay, Clock to Q or Q 


4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


e 


ns 


2.0V 
4.5V 
6.0V 


tTHL trLH | Maximum Output Rise 
and Fall Time 


tRem Minimum Removal Time, 
Shift Load to Clock 
Minimum Removal Time, 
Reset Inactive to Clock 
Minimum Setup Time, 
(A, 8, C, D, J, K to Clock) 
Minimum Setup Time, 
Shift/Load to Clock 
Minimum Hold Time 
any Input except Shift/Load 
Minimum Pulse Width, 
Clock or Reset 
Maximum Input Rise 
and Fall Time 


400 
Power oor 


Goercsnmy | |] || 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, ls = Cpp Voc f+ Icc. 


tREm 


1000 
500 


Cpp 


Cin 
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Logic and Timing Diagrams 


SHIFT, 
LOAD 


CLOCK 
CLEAR 


INPUTS 


SERIAL { 
K 
SHIFT/ LOAD 
A 

PARALLEL 


DATA 
INPUTS 


OUTPUTS 


3-203 


TL/F/5324-2 


|. ____ seria SHIFT ————»- 


. TL/F/5324-3 





S6LOHPZWIN/S6LOHPSINW 


MM54HC221A/MM74HC221A 


National © 
Semiconductor 


MM54HC221A/MM74HC221A 
Dual Non-Retriggerable Monostable Multivibrator 


General Description 


The MM54/74HC221A high speed monostable multivibra- 
tors (one shots) utilize advanced silicon-gate CMOS tech- 
nology. They feature speeds comparable to low power 
Schottky TTL circuitry while retaining the low power and 
high noise immunity characteristic of CMOS circuits. 


Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC221A can be 
triggered on the positive transition of the clear while A is 
held low and B is held high: 


The ’'HC221A is a non-retriggerable, and therefore cannot 
be retriggered until the output pulse times out. 


Pulse width stability over a wide range of temperature and. 


supply is achieved using linear CMOS techniques. The out- 
put pulse equation is simply: PW=(RextT) (Cext); where PW 


Connection Diagram - 


Dual-In-Line Package 


Rext1 
Cext 


Q2 Cext2 Rextz GND 


Cext 
TL/F/5325-1 
Top View 


Order Number MM54HC221A* or MM74HC221A* 


*Please look into Section 8, 
Appendix D for availability of various package types. 


Truth Table 


is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vcc and ground. 


Features 

@ Typical propagation delay: 40 ns 

Wide power supply range: 2V-6V 

m Low quiescent current: 80 »A maximum (74HC Series) 

w Low input current: 1 »A maximum 

mg Fanout of 10 LS-TTL loads 

uw Simple pulse width formula T = RC 

m Wide pulse range: 400 ns to © (typ) 

m Part to part variation: +5% (typ) 

@ Schmitt Trigger A & B inputs enable infinite signal input 
rise or fall times 


Timing Component 


Vcc 


Note: Pin 6 and Pin 14 must be hard- 
wired to GND. 


+ 


ta 
TOCexr = TOR/Cext 
TERMINAL TERMINAL 


TL/F/5325-2 


= High Level 
Low Level 

= Transition from Low to High 
Transition from High to Low 
One High Level Pulse 
One Low Level Pulse 

= Irrelevant 





Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5V to +7.0V (Vin. Vout) 
DC Input Voltage (Vjn) —1.5V to Voc + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Voy) —0.5V to Voc + 0.5V MM74HC 40 
Clamp Diode Current (lik, lox) +20 mA MMS... =a 
DC Output Current, per pin (lout) +25mA cane and Fall 
DC Vcc or GND Current, per pin (Icc) +50 mA Vec=2.0V 
Storage Temperature Range (Tsta) —65°C to + 150°C Voc = 4.5V 
Power Dissipation (Pp) Voc=6.0V 

(Note 3) 600 mW 

S.O. Package only 500 mW 


Lead Temperature 
(TL) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) _ 


Parameter Conditions AX Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


2.0V 1.5 1.5 
4.5V 3.15 3.15 
6.0V 4.2 4.2 
Maximum Low Level Lo 2.0V 5 


Minimum High Level 
Input Voltage 


Input Voltage 4.5V 
6.0V 


Minimum High Level Vin=Vin or Vit 


Output Voltage llour| <20 pA 2.0V 
4.5V 
6.0V 


Vin= Vin OF Vit 
llout| <4.0 mA 4.5V} 4. 3.84 
llourl $5.2 mA 6.0V | 5. 5.34 


Maximum Low Level Vin= Vin or Vit’ 

Output Voltage llout| <20 pA 2.0V 0.1 
4.5V 
6.0V 


Vin = Vin OF Vit 
lloutl <4.0 mA 
\lour| <5.2 mA 


4.5V 
6.0V 
Maximum Input Current Vin= Vcc or GND 
(Pins 7, 15) 
Maximum Input Current ViIN= mee or GND 
(all other pins) 
Maximum Quiescent Supply | Vin= Voo or GND 
Current (standby) louT=9 pA 
Maximum Active Supply Vin=Vcoc or GND | 2.0V 
Current (per monostable) R/Cext = 0.5Voc | 4.5V 
6.0V 
Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: ~ 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst-case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case Viy and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst-case leakage current (lin, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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VILZZOHPZINW/VEL2COHPSIIN 


MM54HC221A/MM74HC221A 


AC Electrical Characteristics voo=5v, T,=25°C, C_=15 pF, t=t}=6 ns 


tPLH Maximum Trigger Propagation 
Delay A, B or Clear to Q 
tPHL Maximum Trigger Propagation 
Delay A, B or Clear to Q 
Maximum Propagation Delay Clear to Q r—ti(ié‘if tl 
Maximum Propagation Delay Clear to a ee | 


[tw __| Minimum Pulse Width A,B or Clear a 
ehh Minimum Clear Removal Time 


twacmin) | Minimum Output Pulse Width <= 28 pF 
RextT=2 ko 

twa Output Pulse Width Cext=1000 pF} 10 
RexT=10k9 


AC Electrical Characteristics c,=50 pF, t,=t;=6 ns(unless otherwise specified) 


74HC 54HC 
Symbol Parameter Conditions Vec a = — 40 to 85°C/Ta = — 55 to 125°C/ Units 
Guaranteed Limits 


Maximum Trigger Propagation 2.0V ae 169 210 
Delay A, B or Clear to Q 4.5V| 26 | 42 57 
6.0V} 21 | 32 


Maximum Trigger Propagation 2.0V 197 
Delay A, B or Clear to Q 4.5V 48 
6.0V 38 

Maximum Propagation 2.0V 114 
Delay Clear to Q 4.5V 34 
28 


Maximum Propagation 
Delay Clear toQ 


Minimum Pulse Width 
A, B, Clear 


Minimum Clear 
Removal Time 


Output Pulse Width 


Power Dissipation 87 
Capacitance (Note 5) 
Maximum Input 
Capacitance (Pins 7 & 15) 
Cin Maximum Input 10° 10 
Capacitance (other inputs) 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcec2f+Icc Vcc, and the no load dynamic current consumption, Is =Cpp Vecf+Icc. 
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Logic Diagram 


ENABLE 1 


ENABLE 2 


af a see! mali 


Vert 


TL/F/5325-5 


Theory of Operation 
@ 


© © 


VREF2 
| 


VREFI—— VREF1—— 


Js} J a || 
TL/F/5325-6 


© POSITIVE EDGE TRIGGER @ NO RETRIGGERING 
@® NEGATIVE EDGE TRIGGER © RESET PULSE SHORTENING 
®@ POSITIVE EDGE TRIGGER © CLEAR TRIGGER 


FIGURE 1 
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VIL2@COHPZINW/VEL2COHPSIW 


MM54HC221A/MM74HC221A 


TRIGGER OPERATION 


As shown in Figure 7 and the logic diagram before an input 
trigger occurs, the monostable is in the quiescent state with 
the Q output low, and the timing capacitor Cex7 completely 
charged to Voc. When the trigger input A goes from Vcc to 
GND (while inputs B and clear are held to Voc) a valid trig- 
ger is recognized, which turns on comparator C1 and N- 
channel transistor N1©. At the same time the output latch 
is set. With transistor N1 on, the capacitor Cext rapidly dis- 
charges toward GND until Vrery is reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator C1 then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca- 
pacitor Cext begins to charge through the timing resistor, 
Rext, toward Vcc. When the voltage across Cexr equals 
Vref2, comparator C2 changes state causing the output 
latch to reset (Q goes low) while at the same time disabling 
comparator C2. This ends the timing cycle with the monosta- 
ble in the quiescent state, waiting for the next trigger. 


A valid trigger is also recognized when trigger input B goes 
from GND to Vcc (while input A is at GND and input clear is 
at Vcc@). The 'HC221 can also be triggered when clear 
goes from GND to Vcc (while A is at Gnd and B is at 
Voc ©). 


Typical Output Pulse Width 
vs. Timing eomponents 
im 


RELATIVE FREQUENCY OF OCCURRENCE 


QUTPUT PULSE WIDTH (SECONDS) 
S 


itech iia 
1000p 0.01, 0.1 
TIMING CAPACITOR (F) 
TL/F/5325-7 


0.92 0.96 


Minimum Rey vs. 
Supply Voltage 


P Ref rete SS 
pt Lars 


2 3 4 § 6 
POWER SUPPLY (V) 


MINIMUM Rext TIMING RESISTOR (kQ) 


TL/F/5325-10 
Note: R and C are not subjected to temperature. The C is polypropylene. 


Typical Distribution of Output 
re Pulse Width, Part to Part 


OUTPUT PULSE WIDTH (ms) 





It should be noted that in the quiescent state C_eyz is fully 
charged to Vcc causing the current through resistor Rext to 
be zero. Both comparators are “‘off” with the total device 
current due only to reverse junction leakages. An added 
feature of the ’HC221 is that the output latch is set via the 
input trigger without regard to the capacitor voltage. Thus, 
propagation delay from trigger to Q is independent of the 
value of CexT, Rext, or the duty cycle of the input wave- 
form. 


The ’HC221 is non-retriggerable and will ignore input tran- 
sitions on A and B until it has timed out © and ©. 


RESET OPERATION 


These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vcc by turning on transistor Q1 ©. When 
the voltage on the capacitor reaches Vrero, the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the Q and Q outputs of the output latch will 
not change. Since the Q output is reset when an input low 
level is detected on the Ciear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 


Typical 1ms Pulse Width 
Variation vs. Supply | 


PERCENT DEVIATION (%) 


1.00 1.04 1.06 
POWER SUPPLY (V) 


TL/F/5325-8 TL/F/5325-9 


Typical 1 ms Pulse Width 
, Variation vs. Temperature - 


PERCENT DEVIATION (%) 


25 65 . 
TEMPERATURE (°C) 


105 125 


TL/F/5325-11 
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National © 
Semiconductor 


MM54HC237/MM74HC237 
3-to-8 Line Decoder With Address Latches 


General Description 


These devices utilize advanced silicon-gate CMOS technol- The 54HC/74HC logic family is speed, function and pin-out 
ogy, to implement a three-to-eight line decoder with latches compatible with the standard 54LS/74LS logic family. All 
on the three address inputs. When GL goes from low to __ inputs are protected from damage due to static discharge by 
high, the address present at the select inputs (A,B andC)is diodes to Vcc and ground. 

stored in the latches. As long as GL remains high no ad- 

dress changes will be recognized. Output enable controls, Features 

G1 and G2, control the state of the outputs independently of Typical propagation delay: 20 ns 

the select or latch-enable inputs. All of the outputs are low 
unless G1 is high and G2 is low. The ’HC237 is ideally suit- 
ed for the implementation of glitch-free decoders in stored- 
address applications in bus oriented systems. 


LECOHPLININ/ ZECOHPSWIN 


m Wide supply range: 2-6V 
m Latched inputs for easy interfacing 
m Fanout of 10 LS-TTL loads 


Connection Diagram 


Dual-In-Line Package 


DATA OUTPUTS 


Voc YO YI Y2 Y3 Y4 Y5 Y6 


YO Yl Y2 Y3 Y4 Y5 
8 
GL G2 G1 Y7 


c Gl G2 Gi Y7 GND 
——" 
SELECT ENABLE OUTPUT 
. TL/F/5326-1 


Top View 
Order Number MM54HC237* or MM74HC237* 


*Please look into Section 8, Appendix D for availability of various package types. 


Laid OUTPUTS _ 
ENABLE | SELECT 
GL G1 G2|c B A|YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 


L 
L 


Truth Table 





Q 


L tL & & bk 


«x x 


-ceool~kKx<K 
a coe ee OS ee 


[eS ee 


L 
L 
L 
H 
L 
L 
L 
L 
L 


GItrrizwrrry xx 


X 
L 
H 
H 
H 
H 
H 
H 
H 
H 


Cerereryrelce cle 
Coe yroere ie 
reet|ycoerce ie 
Cerrerycreree |e 
erecleece cle 


c-ccoe 


Cm leer |ocoerer cl Kec Q| 


ItrLt 


L 


Output corresponding to stored 
address, L; all others, H 


H = high level, L = low level, X = irrelevant 


x | DOLGeyreiorel«Kkx 


x= 
<= 
x 
x 
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MM54HC237/MM74HC237 


Absolute Maximum Ratings (notes 1 @ 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (V)nj) -1.5 to Voco + 1.5V 
DC Output Voltage (Vout) —0.5 to Vog + 0.5V 
Clamp Diode Current (ijk, lox) +20 mA 
DC Output Current, per pin (Igy) +25mA 
DC Voc or GND Current, per pin (icc) +50mA 
Storage Temperature Range (TsTq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature 
(TL) (Soldering 10 seconds) 


600 mW 
500 mw 


260°C 
DC Electrical Characteristics (note 4) 
Parameter 


aa 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


ViN=VIH OF VIL 
lout] <20 pA 2.0V 
4.5V 


6.0V 
Vin = Vin or Vit 
lloutl <4.0 mA 
llout| <5.2 mA 
Vin= Vin oF ViL 
llout| $20 pA 


4.5V 
6.0V 


Maximum Low Level 
Output Voltage 2.0V 
4.5V 


6.0V 
Vin = Vin OF Vit 
llour! <4.0mA 
llout|<5:2 mA 


eee t= 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 
Input Rise or Fall Times 
(t,t)  Vec=2.0V 
Voc =4.5V © 
Voc=6.0V 


74HC 54HC 
—40 to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 0 +1.0 

Current . 
Maximum Quiescent | Vin=VccorGND | 6.0V 160 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj} and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (Ij, 
loc, and [gz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vi specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc=5sv, T,=25°C, C_=15 pF, tp=t/=6 ns 


Guaranteed 
cee] rane [coo [oe 


[teun | Maximum Propagation DelayA,BorCtoanyYOutput| | 20 | at 
ee ee eee ene ee ee 

[tein | Maximum Propagation GLtoanyY Output | | 22 | 44s 
[teu | Maximum Propagation DelayGLtoanyY Output | | tz | 3s 
[tein | Maximum Propagation DelayGtorG2toOuiput | | 16 | 85 | 
[teu | Maximum Propagation DelayG1orG2to Output |_| 14 | 5 

[ts | MinimumSetUpTimeatA,BandCinputs | | 10 | 20 

[ty | Minimum Hold Time atA,BandCinputs | | 3 | ns 
[tw | Minimum Pulse Width ofEnablingPuseatGE_ | | of | 6 ns 


AC Electrical Characteristics c, =50 pr, t,=1;=6 ns (unless otherwise specified) 


Poe 74HC S4HC 
Ta=28°C Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


100 | 235 296 350 ns 
24 47 59 70 ns 
20 40 50 ns 


80 185 233 ns 
19 37 47 ns 
17 31 40 ns 


125 | 250 315 ns 
25 50 63 “ons 
20 43 54 ns 


190 239 ns 
38 48 ns 
4 ; ns 


252 ns 
50 ns 
43. ns 


183 ns 
37 ns 
31 ns 


125 ns 
25 ns 
21 ns 


ns 
ns 
ns 


Symbol Parameter 


tpLH Maximum Propagation 
Delay, A, B or C to any Y Output 


tPLH Maximum Propagation 
Delay, A, B or C to any Y Output 


tpLH Maximum Propagation 
GL to any Y Output 


tPHL Maximum Propagation Delay 
GL to any Y Output 


tpLH Maximum Propagation 
Delay, G1 or G2 to Output 


tPHL Maximum Propagation 
Delay G1 or G2 to Output 


Minimum Set Up Time 
at A, B and C Inputs 


Minimum Hold Time 
at A, B and C Inputs 


Minimum Pulse Width _ 
of Enabling Pulse at GL 


ns 
ns 
ns 


ns 
ns 
ns 


pF 


ttLH, trHi | Maximum Output Rise 
and Fall Time 


Cpp Power Dissipation 
Capacitance (Note 5) 

Cin Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ !cc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 





pF 
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ZEZOHPZWIN/ZEZOHPSIN 


MM54HC237/MM74HC237 


Functional Block Diagram 


ENABLE 
INPUTS 


6-Line to 64-Line Decoder with Input Address Storage 


3-212 


DATA 
OUTPUTS 


TL/F/5326~-2 


TO FIVE 
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National | 
Semiconductor 


MM54HC240/MM74HC240 


inverting Octal TRI-STATE® Buffer 
MM54HC241/MM74HC241 Octal TRI-STATE Buffer 


General Description 


These TRI-STATE buffers utilize advanced silicon-gate 
CMOS technology. They possess high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits achieve speeds compara- 
ble to low power Schottky devices, while retaining the ad- 
vantage of CMOS circuitry, i.e., high noise immunity and low 
power consumption. Each has a fanout of 15 LS-TTL equiv- 
alent inputs. 


The MM54HC240/MM74HC240 is an inverting buffer and 
has two active low enables (1G and 2G). Each enable inde- 
pendently controls 4 buffers. MM54HC241/MM74HC241 is 
a non-inverting buffer that has one active low enable and 
one active high enable, each again controlling 4 buffers. 
Neither device has Schmitt trigger inputs. 


All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Connection Diagrams buat-in-Line Packages 


ie 1s W¥1 2A4 1¥2 2A3° 1¥3° 2A2 1¥4 2A1 


2¥4 1A2 2¥3 #1A3° 2¥2) «#1A4 «#2¥1 GND 
TL/L/5020-1 
Top View 
Order Number MM54HC240/241* or MM74HC240/241* 
*Please look into Section 8, Appendix D 


for availability of various package types. 


Truth Tables 
((HC240) 


H=high tevet, L={ow level, Z=high impedance 


Features 

w Typical propagation delay: 12 ns 

m TRI-STATE outputs for connection to system buses 
m Wide power supply range: 2-6V 

m@ Low quiescent supply current: 80 pA (74 Series) 

@ Output current: 6 mA 


1¥1 2A4 1¥2 2A3° 1¥3 2A2 1¥4 2A1 


1A4 2¥1 GND 
TL/L/5020-2 


1G 1A1 2¥4 1A2 2¥3 1A3° 2Y2 
Top View 
Order Number MM54HC240/241* or MM74HC240/241* 
*Please look into Section 8, Appendix D 
for availability of various package types. 


((HC241) 
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LVCOHPZININ/ LPZOHPSWIN/OPZDHPZWW/OPZOHPSAIN 


MM54HC240/MM74HC240/MM54HC241/MM74HC241 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) ~1.5to Voct 1.5V 
DC Output Voltage (Vou) —0.5 to. Veo + 0.5V 
Clamp Diode Current (I}x; lox) +20mA 
DC Output Current, per pin (Iqut) +35 mA 
DC Vcc or GND Current, per pin (Icc) +70mA 
Storage Temperature Range (Tst«g) ~65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


600 mW 
500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin = Vin or Vit 
lout] <20 pA 


Vin= Vin OF Vit 
lloutl <6.0 mA 
lloutl <7.8 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin or Vit 
lloutl S20 pA 


Vin = Vin OF ViL 
llout| <6.0 mA 
llout| <7.8 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vins Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Voc =4.5V 
Voc =6.0V 


freee | cot a: 
Parameter Vec Ta= — 40 to 85°C Ls — 55 to 125°C | Units 
| 
1.5 1.5 1.5 
3.15 3.15 3.15 


Maximum Input Vin=Vcc or GND 6.0V +0.1 +1.0 +1.0 
Current 


Maximum TRI-STATE | Vin=Vin or Vit 
Output Leakage 
Current 


= 6.0V 
). Voc or GND 
=Vin, G=ViL 


Maximum Quiescent | Vin=Vcc or GND 6.0V 
Supply Current louT=9 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj} and Vj, occur at Voc=5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi, limits are currently tested at 20% of Vcc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 





AC Electrical Characteristics mms4yc240/mM74HC240 Voc=5V, Ta=25°C, t= ty =6 ns 


| Parameter | Conditions| typ | Guaranteed Limit 
tenusteun | Maximum Propagation Delay | __G.=45 pF 


tpzH, tpze Maximum Enable Delay ae 1k2 
to Active Output = 45 pF 

tpHz, tpLz Maximum Disable Delay a kQ 
from Active Output CL =5 pF 


AC Electrical Characteristics mmsaHc240/mm74HC240 
Voc = 2.0V to 6.0V, C_=50 pF, t;=ts=6 ns (unless otherwise specified) 


Sees 74HC 54HC 
Parameter Vec |_ A Ta= —40 to 85°C | Ta=—55to 125°C | units 


| Typ | Guaranteed Limits 


tpHi, tpt | Maximum Propagation CL=50pF | 2.0V 100 126 oy 
Delay CL=150 pF | 2.0V 150 190 


CL=50pF | 4.5V 
CL=150 pF | 4.5V 


CL=50pF | 6. ee eal : Ea 
CL=150 pF | 6. Rea 

tpzH, tpz_ | Maximum Output Enable RL=1 ko 

Time CL=50pF | 2.0V ae = 

CL=150 pF | 2.0V a 
CL=50pF | 4. ae 
CL_=150 pF | 4. ae EA 
CL=50pF | 6.0V] 13 26 
CL=150pF | 6.0V | 17 34 

tpyz, tp_z | Maximum Output Disable 2.0V 


Time 4.5V ip 
6.0V} 13 


troy, trHL | Maximum Output 2.0V 
Rise and Fall Time 4.5V 
6.0V 


Power Dissipation (per buffer) 
Capacitance (Note 5) a =Vin 12 
=Vit 50 


Maximum Input Capacitance ies ee Se 
Maximum Out Capecianco | | [10] [0 | 0 
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LVZOHPZININ/ | PCOHPSWIN/ObZOHPZNWW/OPCOHPSIN 


MM54HC240/MM74HC240/MM54HC241/MM74HC241 


AC Electrical Characteristics mms4Hc241/MM74HC241 Voc=5V, Ta= 25°C, t-=t)=6 nis 


| Parameter |_Conaitions__— | Typ_| Guaranteed Limit 


teHL, teLH 


Maximum Enable Delay 
Active Output 


tpzH, tpzi 


Maximum Disable Delay 
from Active Input 


tpHz; tpLz 


to 


Maximum Propagation Delay C_=45 pF eh eer ere 


Rp=1kn 


fe a 


=450F | 2G | 7 | 
1 | 5 | 


RL=1 ko 
CL =5 pF 


25 
je fw || 


AC Electrical Characteristics musaHc241/mM74HC241 
Voc=2.0V to 6.0V, C_=50 pF, t,=t;=6 ns (unless otherwise specified) 


Parameter 


tpHi, tpt | Maximum Propagation 


tpzH, tpz_ | Maximum Output Enable 


C_=50 pF ee 
C= 150 pF ae 


CL= 50 pF 
C= 150 pF 


C.= 50 pF 
C..= 150 pF 


: 74HC 54HC 
peel nel re Ta=25°C | 7 — — 40 to 85°C | Ta= —55 to 125°C 


typ| == GuaranteedLimits Guaranteed Limits 


C_=50 pF 2.0V} 58 | 115 tae a 
C_= 150 pF 2.0V} 83 | 165 


4.5V) 14 


4.5V} 17 ep fe 


Ga a | 
Ga Ae 


2.0V; 75 | 150 ne 
2.0V| 100; 200 
a0 etc os 


C_=50 pF 6.0V| 13 | 26 
CL=150pF |6.0V| 17] 34 


tpyz, tpLz | Maximum Output Disable 


trLH: trHL | Maximum Output 
Rise and Fall Time 


Power Dissipation 
Capacitance (Note 5) 


(per buffer) 
G=ViL, G=Viy 
G=Vin, G=Vit 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


12 
50 


i Me 


[Maximum nputGapacitance | || 8 | so | to | St 
esnun ups Cxgestwea| | [w | | [| 0 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+lcc Vcc, and the no load dynamic current consumption, 


Is=Cpp Voc f+Icc. 
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MM54HC240/MM74HC240/MM54HC241/MM74HC241 
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MM54HC242/MM74HC242/MM54HC243/MM74HC243 


National | 
Semiconductor 


MM54HC242/MM74HC242 


Inverting Quad TRI-STATE® Transceiver 
MM54HC243/MM74HC243 Quad TRI-STATE Transceiver 


General Description 


These TRI-STATE bidirectional inverting and non-inverting 
buffers utilize advanced silicon-gate CMOS technology and 
are intended for two-way asynchronous communication be- 
tween data buses. They have high drive current outputs 
which enable high speed operation when driving large bus 
capacitances. These circuits possess the low power dissi- 
pation and high noise immunity associated with CMOS cir- 
cuits, but speeds comparable to low power Schottky TTL 
circuits. They can also drive 15 LS-TTL loads. 

The MM54HC243/MM74HC243 is a non-inverting buffer 
and the MM54HC242/MM74HC242 is an inverting buffer. 
Each device has one active high enable (GBA), and one 
active low enable (GAB). GBA enables the A outputs and 


Connection Diagrams 


Dual-In-Line Package 


TL/L/5019-1 
Top View 
Order Number MM54HC242* or MM74HC242* 


GAB enables the B outputs. This device does not have 
Schmitt trigger inputs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Voc and ground. 


Features 

@ Typical propagation delay: 12 ns 

w TRI-STATE outputs ; 

@ Two way asynchronous communication 

@ High output current: 6 mA (74HC) 

m@ Wide power supply range: 2-6V 

@ Low quiescent supply current: 80 A (74HC) 


Dual-In-Line Package 


2A 3A 4A GND 
TL/L/5019-2 
Top View 


Order Number MM54HC243* or MM74HC243* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Tables 


"HC242 


OUTPUT 
Isolated 
Isolated 

Input 


Input 
Isolated 
Isolated 

OUTPUT 


"HC243 


Control Inputs Data Port Status 


OUTPUT Input . 
Isolated Isolated 
Isolated Isolated 

Input OUTPUT 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 

Distributors for availability and specifications. DC Input or Output Voltage 0 

Supply Voltage (Vcc) . —0.5 to +7.0V (Vin: Vou) 

DC Input Voltage (Vin) - ~1.5 to Voc + 1.5V Operating Temp. Range (Ta) 


DC Output Voltage (Vout) —0.5 to Voc + 0.5V Bee 5 


Clamp Diode Current (Ix, lox) +20mA Input Rise or Fall Times 
DC Output Current, per pin (lout) +35mA (t,t)  Vcoc=2.0V 
DC Vcc or GND Current, per pin (I¢c) +70 mA Voc =4.5V 
Storage Temperature Range (Tstg) —65°C to + 150°C Mee e0N 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


74HC 54HC 
Parameter Vv Ta = —40 to 85°C | Ta= —55 to 125°C | Units 


Typ 


Minimum High Level 2.0V ; : 1.5 
Input Voltage 4.5V : , 3.15 
6.0V : 4.2 


Maximum Low Level 2.0V F ; 0.5 
Input Voltage** 4.5V ; 1.35 
6.0V ; F 1.8 


Minimum High Level ViIN= Vin OF Vit 

Output Voltage lloutl<20 pA 2.0V | 2.0 | 4. : 1.9 
4.5V | 4, : ; 4.4 
6.0V | 6. . 5.9 5.9 


Vin = Vin OF Vit 
llout| <6.0 mA 4.5V | 4. ; 3.84 3:7 
llout|<7.8 mA 6.0V | 5. ; 5.34 5.2 


Maximum Low Level Vin= Vin Or Vit 

Output Voltage llout|<20 pA 2.0V i 0.1 0.1 
4.5V : 0.1 0.1 
6.0V 


: 0.1 0.1 

Vin = Vin OF Vit 

llout| <6.0 mA 4.5V | 0.2 0.4 

llout| <7.8 mA 6.0V | 0.2 0.4 
Maximum Input Vin= Vcc or GND 6.0V +0.1 +1.0 +1.0 
Current 
Maximum TRI-STATE | Voyt=VccorGND | 6.0V +0.5 +5.0 +10 
Output Leakage Current | GAB=Vjy, GBA= Vi. 
Maximum Quiescent Vin= Vcc or GND 6.0V 160 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj} and V;,_ occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (Ij. 
Icc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vy_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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CVCOHPZWIN/EPZOHPSWNIW/CPCOHPZININ/2PCOHPSAIN 


MM54HC242/MM74HC242/MM54HC243/MM74HC243 


AC Electrical Characteristics (mus4Hc242/mM74HC242) 
Voc= 5V, Ta = 25°C, tp=te=6 ns 


Conditions| Typ | Guaranteed Limit 
tpHL, teLH Maximum Propagation Delay CL=45 pF pe fe 


tpzH, tpzL Maximum Output Enable Ge 1k 
Time to Active Output = 45 pF 

tpHz, tpHe Maximum Output Disable = 1kQ 
Time from Active Output CL=5 pF 


AC Electrical Characteristics (mms4yc242/mM74HC242, MM54HC243/MM74HC243) 
Voc= 2.0V to 6.0V, C_=50 pF, tp=ts=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 

A~ at ‘ = = 

Parameter Conditions Ta= —40 to 85°C ae 55 to 125°C 
Typ | 


Guaranteed | ss GuaranteedLimits = 


tpHL, tp_y | Maximum Propagation C= 50 pF Ea oe) a . 149 
Delay CL = 150 pF 2. ae a 50 224 


C_=50 pF 4.5V | 12 
C= 150 pF 4.5V | 22 
CL=50 pF 

CL= 150 pF 


tpzH, tpz_ | Maximum Output Enable 
Time to Active Output 


C_=50 pF 
C= 150 pF 


CL=50 pF 
CL= 150 pF 


tpHz, tpLz | Maximum Output Disable 
Time from Active Output 


trun, trHL | Maximum Output 
Rise and Fall 
Time 


Power Dissipation (per buffer) 
Capacitance (Note 5) Outputs Disabled 
Outputs Enabled 


[Maximum nputCapaciance | | | s | wo] to | Ct 
[Maximum Outputapacitance| || to] ao] ao | 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+ coc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ loc. 
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Logic Diagrams 


MM54HC242/MM74HC242 


TL/L/5019-3 
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MM54HC243/MM74HC243 


TL/L/5019-4 





EVCOHPZWIN/EPCOHPSWIN/CPeOHP ZAIN /2PcOHPSWN 


MM54HC244/MM74HC244 


National | 
Semiconductor 


MM54HC244/MM74HC244 
Octal TRI-STATE® Buffer 


General Description 
These TRI-STATE buffers utilize advanced silicon-gate 


CMOS technology and are general purpose high speed non-. 


inverting buffers. They possess high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits achieve speeds compara- 
ble to low power Schottky devices, while retaining the ad- 
vantage of CMOS circuitry, i.e., high noise immunity, and 
low power consumption. All three devices have a fanout of 
15 LS-TTL equivalent inputs. 

The MM54HC244/MM74HC244 is a non-inverting buffer 
and has two active low enables (1G and 2G). Each enable 
independently controls 4 buffers. This device does not have 
Schmitt trigger inputs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Connection Diagram 


Features 

m@ Typical propagation delay: 14 ns - 

@ TRI-STATE outputs for connection to system buses 
m Wide power supply range: 2—6V 

m@ Low quiescent supply current: 80 uA (74 Series) 

m Output current: 6 mA 


Dual-In-Line Package 
Vcc 2G 1¥1 2A4 1¥2 2A3 1Y¥3 2A2 1Y4 2A1 


20 


2Y¥4 1A2 = 2Y3 


1A3. 2Y2) «#1A4 2Y¥1 GND 


TL/F/5327-1 


Top View 
Order Number MM54HC244* or MM74HC244* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


"HC244 


H = high level, L = low level, Z = high impedance 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 
DC Input Voltage (Vin) ~—1.5 to Vocot 1.5V Beeb Range (Ta) _40 
DC Output Voltage (Vout) —0.5 to Vogt 0.5V MMS54HGC —55 
Clamp Diode Current (lik, lox) +20mA Input Rise or Fall Times 
DC Output Current, per pin (lout) +35mA (t,t) = Voc=2.0V 
DC Vcc or GND Current, per pin (Icc) +70 mA vere Mi 
Storage Temperature Range (Tstc) —65°C to + 150°C ee 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mw 
Lead Temperature (T_) 


(Soldering 10 seconds) 260°C 


bpecOHPZINW/PPoOHPSW 


DC Electrical Characteristics (note 4) 


Ta=25°C 74HC 
Parameter ae a Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


Minimum High Level 2. —-/T 1.5 
Input Voltage 4.5V ; 8 3.15 
6.0V 4.2 


Maximum Low Level 2.0V 0.5 0.5 
Input Voltage** 4.5V : 1.35 1.35 
6.0V : 1.8 1.8 


Minimum High Level Vin= Vin OF Vit 
Output Voltage llout|<20 pA 2.0V | 2. : 1.9 1.9 
4.5V : F 4.4 4.4 


6.0V 


‘ 5.9 9 5.9 
Vin= Vin oF Vit 
llout| <6.0 mA 4.5V | 4. 3.98 3.84 3.7 
lloutl<$7.8mA — | 6.OV] 5. 5.48 5.34 5.2 


Maximum Low Level | Vin=ViH or Vit 

Output Voltage llout|<20 pA 2.0V 0.1 0.1 0.1 
4.5V : : 
6.0V 


Vin=VIH OF Vit 
llout|<6.0 mA 4.5V 0.26 0.33 0.4 
llour| <7.8 mA 6.0V 0.26 0.33 0.4 
Maximum Input Vin= Vcc or GND 6.0V +0.1 +1.0 +1.0 
Current 
Maximum TRI-STATE | Vin= Vin, or Vib 6.0V 
Output Leakage ve Vcc or GND 
Current =Vin 
Maximum Quiescent | Vin=Vcc or GND 6.0V 
Supply Current louT=9 pA 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘“‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 





Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vjyq and Vi, occur at Vcc =5.5V and 4.5V respectively. (The Vjq value at 5.5V is 3.85V.) The worst case leakage current (jn, Icc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


** Viz limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY'89. 
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MM54HC244/MM74HC244 


AC Electrical Characteristics mus4ice44/mm74Hc244 
Voc=5V, Ta= 25°C, t-=t;=6 ns 


Parameter Conditions Guaranteed 
Limit 

tpHL, tpLy | Maximum Propagation | C, = 45 pF 

Delay 
tpzH, tpz_ | Maximum Enable Delay = 1k 17 

to Active Output ae = 45 pF 
tpyz, tp_z | Maximum Disable Delay | Ry = 1kN 

from Active Output CL = 5pF 


AC Electrical Characteristics Voc =2.0V-6.0V, C, = 50 pF, t;= t= 6 ns (unless otherwise specified) 


aera 74HC 54HC 

Symbol Parameter a Ta= —40to 85°C | Ta=—55to 125°C | Units 

| Typ | Guaranteed Limits 

teHL, tpLy | Maximum Propagation C_=50 pF 2.0V | 58 ; 115 145 171 
Delay CL=150pF | 2.0V} 83 | 165 208 246 
CL=50pF | 45V | 14 34 
CL=150pF | 4.5V | 17 49 
CL=50pF | 6.0V] 10 29 
Cera =150pF |] 6.0V | 14 42 


tpzH, tpz_ | Maximum Output Enable | RL=1ka | 1kQ 
_ | Time CL=50pF | 20v| 75 189 | 224 
CL=150 pF | 2.0V | 100 252 298 


CL=50pF | 4.5V 30 . 
C_=150 pF | 4.5V 40 
CL=50pF | 6.0V} 13 | 26 
CL=150pF | 6.0V | 17 | 34 





tpHz, tp_z | Maximum Output Disable 
Time 


troy, tru | Maximum Output 
Rise and Fall Time 


Cpp Power Dissipation (per buffer) 
Capacitance (Note 5) a =Vin 


Cin Maximum Input 10 
Capacitance 

Cout Maximum Output : 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+Icc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ loc. 
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Logic Diagram 


"HC244 
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TL/F/5327-2 





vPCOHPZWW/PPeOHPSWA 


MM54HC245A/MM74HC245A 


National | 
Semiconductor 


MM54HC245A/MM74HC245A 


Octal TRI-STATE® Transceiver 


General Description 


This TRI-STATE bidirectional buffer utilizes advanced sili- 
con-gate CMOS technology, and is intended for two-way 
asynchronous communication between data buses. It has 
high drive current outputs which enable high speed opera- 
tion even when driving large bus capacitances. This circuit 
possesses the low power consumption and high noise im- 
munity usually associated with CMOS circuitry, yet has 
speeds comparable to low power Schottky TTL circuits. 


This device has an active low enable input G and a direction 
control input, DIR. When DIR is high, data flows from the A 
inputs to the B outputs. When DIR is low, data flows from 
the B inputs to the A outputs. The MM54HC245A/ 
MM74HC245A transfers true data from one bus to the oth- 
er. 


Connection Diagram 


This device can drive up to 15 LS-TTL Loads, and does not 
have Schmitt trigger inputs. All inputs are protected from 
damage due to static discharge by diodes to Vcc and 
ground. 


Features 

™ Typical propagation delay: 13 ns 

m Wide power supply range: 2-6V 

@ Low quiescent current: 80 4A maximum (74 HC) 

m@ TRI-STATE outputs for connection to bus oriented 
systems 

@ High output drive: 6 mA (minimum) 

w Same as the 645 


Dual-In-Line Package 
ENABLE 
G 81 B2 83 B4 BS B6 


A2 A3 Aa AS 
TL/F/5165-1 


Top View 
Order Number MM54HC245A* or MM74HC245A* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


B data to A bus 
A data to B bus 
Isolation 


H = high level, L = low level, X = irrelevant 
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Absolute Maximum Ratings (notes 1 & 2) 


lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage DIR and G pins (Vn) 
DC Input/Output Voltage (Vin, Vout) 
Clamp Diode Current (Icp) 

DC Output Current, per pin (lout) 

DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (Tstq) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


—0.5 to +7.0V 
—1.5 to Voc t+ 1.5V 
-0.5 to Voc + 0.5V 

+20mA 
+35 mA 
+70mA 
—65°C to + 150°C 


600 mW 
500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level Input 
Voltage 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output 
Voltage 


Maximum Low Level Output 
Voltage 


Vin = Vin oF Vit 
lout] <20 A 


Vin= Vin OF Vit 
llout|<6.0 mA 
llout|<7.8 mA 


Vin = Vin or ViL . 
lout] $20 pA 


Vin= Vin Or Vit 
llout]<6.0 mA 
lloutl <7.8 mA 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi, occur at Vcc =5.5V and 4.5V respectively. (The V4 value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
oz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**ViL limits are currently tested at 20% of Voc. The above Vi, specification (30%) of Voc) will be implemented no later than Q1, CY’89.0 = Vj. 


Operating Conditions 


Min 


Supply Voltage (Vcc) 2 
DC Input or Output Voltage 


(Vin. Vout) 


Operating Temp. Range (Ta) © 


MM74HCG 
MM54HC 


Input Rise/Fall Times 
(tt)  Voc=2.0V 
Voc =4.5V 

Voc =6.0V 


rie oer |e 


2.0V 
4.5V , : 
6.0V 


0.26 
0.26 
Input Leakage Vin=VcctoGND_ | 6.0V +0.1 +1.0 +1.0 
Current (G and DIR) 
Maximum TRI-STATE Output | Vout= Vcc or GND | 6.0V +0.5 5.0 + 
Leakage Current Enable G= Vy 
Maximum Quiescent Supply | Vin=VccorGND {| 6.0V 
Current louT=90 pA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
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74HC 54HC 
— 40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 





VSPZOHPZWIN/VSP2OHPSWN 





MM54HC245A/MM74HC245A 


AC Electrical Characteristics voc=5v, T,=25°C, t-=t;=6ns . 


Parameter Typ Guarantced 
Limit 


Maximum Propagation Delay CL = 45 pF ef fe 


tpzH, tpz_ | Maximum Output Enable Time ~ ie = 1k 
= 45 pF 
Maximum Output Disable Time A = 1k Pel ee re 
CL = 5pF- 


AC Electrical Characteristics Voc =2.0V to 6.0V, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


© Lipaia 74HC 54HC 
Parameter Be —40 to 85°C | Ta= —55 to 125°C 
| Typ | Guaranteed Limits : 
Maximum Propagation Delay | CL = 50pF | 2.0Vj 31 90 113 
CL = 150pF | 2.0V} 41 | 96 116 
C. = 50 pF 4.5V us 18 e a 
CL = 150 pF | 4.5V 22 
eee 6.0V | 11 15 u 
= 150 Cara 6.0V | 14 | 19 


cere = 1k 
= 50pF | 2.0V 190 
= 150 pF | 2.0V 240 
a =50pF | 4. Pale 
Cy = 150 pF | 4. Pale mi 
CL=50pF | 6.0V] 21 | 32 
CL = 150 pF | 6.0V | 25 41 i 
Maximum Output Disable 135 169 
Time NV. Es 27 34 pe 






















tPLH 












Maximum Output Enable 


tpz. Time 


ns 











18 | 23 29 34 
trLH: trHt | Output Rise and Fall Time cL= 50 pF 2.0V - 60 75 90 ns 
4.5V 12 |. 15 18 ns 
cl “fe 13 15 ns 







Power Dissipation G= 
Capacitance (Note 5) G= 
Maximum Input Capacitance eo 


Maximum Input/Output 
Capacitance,AorB - 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+Icc Voc, and the no load dynamic current consumption, ls =Cpp Voc f+Icc. 


Cin/out 


10 
He 
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Logic Diagram 
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TL/F/5165-2 





VSPCOHPZWW/VSPCOHPSWW 


*MM54HC251/MM74HC251 


National | 
Semiconductor - 


MM54HC251/MM74HC251 


8-Channel TRI-STATE® Multiplexer 


General Description 


This 8-channel digital multiplexer with TRI-STATE outputs 
utilizes advanced silicon-gate CMOS technology: Along with 
the high noise immunity and low power consumption of 


standard CMOS integrated circuits, it possesses the ability | 


to drive 10 LS-TTL loads. The large output drive capability 
and TRI-STATE feature make this part ideally suited for in- 
terfacing with bus lines in a bus oriented system. 

This multiplexer features both true (Y) and complement (W) 
outputs as well as a STROBE input. The STROBE must be 
at a low logic level to enable this device. When the STROBE 
input is high, both outputs are in the high impedance state. 
When enabled, address information on the data select in- 
puts determines which data input is routed to the Y and W 


Connection and Logic Diagrams 


Dual-in-Line Package 
DATA INPUTS DATA SELECT 


Y __W_ STROBE GND 

eee eee” 

OUTPUTS 
Top View 


DATA INPUTS TL/F/5328-1 


Order Number MM54HC251* or MM74HC251* 


outputs. The 54HC/74HC logic family is speed, function, as 
well as pinout compatible with the standard 54LS/74LS log- 
ic family. All inputs are protected from damage due to static 
discharge by internal diode clamps to Vcc and ground. 


Features 

m@ Typical propagation delay 
Data select to Y: 26 ns 

m™ Wide supply range: 2-6V - 

@ Low power supply quiescent current: 80 wA maximum 
(74HC) 

@ TRI-STATE outputs for interface to bus oriented 
systems _ 


Truth Table 


X X 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 


Mreitiritrir x 
(cecil Mamie Gece ciel Ged cee ell conde! 


= high logic level, L = logic level 
X = irrelevant, Z = high impedance (off) 
DO, D1. . . D7 = the level of the respective D input 


*Please look into Section 8, Appendix D for availability of various package types. 


04 


A 
D2 


03 


TL/F/5328-2 





Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin: Vout) 
DC Input Voltage (Vin) —1.5 to Vect+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC 
Clamp Diode Current (Ik, !oK) +20 mA MMSE 
DC Output Current, per pin (Ioyt) +25mA ee ef ae 
DC Vcc or GND Current, per pin (Icc) +50 mA (tet) Veo = 45V 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc =6.0V 
Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (ote 4) 


Parameter 
Guaranteed Limits 


Minimum High Level! . : 1.5 1.5 
Input Voltage : : 3.15 3.15 
4.2 4.2 


Maximum Low Level j ; 0.5 0.5 
Input Voltage** : 4 1.35 1.35 
1.8 1.8 


Minimum High Level | Vin=Viy or Vit : 

Output Voltage llout| <20 pA ‘ ; : 1.9 1.9 
4.4 4.4 
5.9 


; : f 5.9 
ViN= Vin OF Vit 
llout| <4.0 mA : 3.84 3.7 
llout| <5.2 mA ; 5.34 5.2 


Maximum Low Level | Vin = Viy or Vic 

Output Voltage llout| <20 pA : : 0.1 0.1 
0.1 0.1 
0.1 0.1 


Vin = ViH OF ViL 
llout| <4.0 mA : 0.2 0.33 0.4 
llout| <5.2 mA : 0.2 | 0.26 0.33 0. 


4 
Maximum Input Vin=Vec or GND 6.0V +0.1 +1.0 +1.0 
Current 
Maximum TRI- Strobe = Voc 6.0V +0.5 +5 +10 
STATE Leakage Vout= Vcc or GND 
Current 
Maximum Quiescent | Vin=Vcc or GND 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and Vo ,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case V)}4 and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The V\} value at 5.5V is 3.85V.) The worst case leakage current (In, loc, and loz) occur for 
CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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LSCOHPZININ/LSCOHPSIIN 


MM54HC251/MM74HC251 


AC Electrical Characteristics voc=5v, T,=25°C, C_=15 pF, t,=t=6 ns 


[mn | rome [cnn | | Tt |v] 
tpHL» tpLH | Maximum Propagation Delay 
A,BorCtoY 


tpHL, tpLH | Maximum Propagation 
Delay, A, Bor C toW 


tpHL, tpLH | Maximum Propagation 
Delay, Any D to Y 


tpH_, tpLy | Maximum Propagation 24 
Delay, Any D to W 

tpzH, tpz_ | Maximum Output Enable aa 1ko 19 27 
Time, W Output = 50 pF 

tpzH, tpz_ | Maximum Output Enable a 1knN 19 
Time, Y Output = 50 pF 

tpyz, tp_z | Maximum Output Disable Time = 1kn 40 
W Output C.=5 pF 

tpHz, tpLz | Maximum Output Disable Time | RL=1k0 27 
Y Output CL=5 pF 


AC Electrical Characteristics c,=50 pr, t,=t;=6 ns (unless otherwise specified) 


T.=25°C 74HC 54HC 
Symbol Parameter Conditions A Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 
tpHL, tpLH | Maximum Propagation Delay 2.0V ae ns 
A,BorCto Y 4.5V ns 
6.0V ns 
tpHL, tpLH | Maximum Propagation 2.0V 205 256 300 ns 
Delay, A, B or C to W 4.5V : at 51 60 
6.0V 44 51 
tpHL, tpLH | Maximum Propagation 2.0V | 70 a 244 283 
Delay, any D to Y 4.5V | .27 49 
6.0V | 23 41 
tpHL, tpLH | Maximum Propagation 2.0V | 75 bee 231 
Delay, any D to W 4.5V | 29 46 
6.0V | 25 40 
tpzH, tpz_ | Maximum Output Enable Time | RL=1k 2.0V 150 188 
W Output 4.5V a 30 38 
6.0V | 18 | 26 33 
tpzH, tpz_ | Maximum Output Enable Time | RL =1kO 2.0V | 45 | 145 181 
Y Output 4.5V} 21 = 36 
6.0V | 18 31 
tpyz, tpLz | Maximum Output Disable Time | Rp =1 kN 2.0V on 275 
W Output 4.5V 55 
6.0V 46 
tpyz, tpLz vou Output Disable Time | Rp =1 ko 2.0V beg oi 
Output 4.5V 
6.0V 
trHL ttLH | Maximum Output Rise 2.0V “ 
and Fall Time 4.5V 
6.0V 
Cpp Power Dissipation ; (per package) 110 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc2 f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc- 
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National | 
Semiconductor 


MM54HC253/MM74HC253 


Dual 4-Channel TRI-STATE® Multiplexer 


General Description 


The MM54HC253/MM74HC253 utilizes advanced silicon- 
gate CMOS technology to achieve the low power consump- 
tion and high noise immunity of standard CMOS integrated 
circuits, along with the capability to drive 10 LS-TTL loads. 
The large output drive and TRI-STATE features of this de- 
vice make it ideally suited for interfacing with bus lines in 
bus organized systems. When the output control input is 
taken high, the multiplexer outputs are sent into a high im- 
pedance state. 

When the output control is held low, the associated multi- 
plexer chooses the correct output channel for the given in- 
put signals determined by the select A and B inputs. 


Connection Diagram 


The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Features 

m™ Typical propagation delay: 24 ns 

mw Wide power supply range: 2V-6V 

m Low quiescent current: 80 pA maximum (74HC Series) 
m Low input current: 1 wA maximum 


_@ Fanout of 10 LS-TTL loads 


Dual-In-Line Package 


OUTPUT 
CONTROL =A 


2G = SELECT = 23 


OUTPUT §=B 
CONTROL SELECT 


DATA INPUTS 
OUTPUT 
2C2 2y 


11 1€0 OUTPUT GND 


1Y 


1G DATA INPUTS 


TOP VIEW 


TL/F/5108-1 


Order Number MM54HC253* or MM74HC253* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


crea 
occa] 
earning 
Erm mcr] 


cervenre sll 


GrrtIiIrrree-x 
Lrrrwtire-~ 


Data Inputs 





Output 
Control 


ceacscsrale E 


Select inputs A and B are common to both sections. 


H = high level, L = low level, X = irrelevant, Z = high impedance (off). 
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€SCOHPZWIN/ESZCOHPSWIN 


MM54HC253/MM74HC253 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. 


Supply Voltage (Vcc) _ 70.5 to +7.0V 
C Input Volt V —1. +1, 
De InpulNottage (VIN) Tato Vege 16¥ Operating Temp. fiahigs Ta) 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC 
Clamp Diode Current (Ix, Iox) +20mA MMS54HC 
DC Output Current, per pin (Ioyt) +25mA Input Rise or Fall Times 
DC Voc or GND Current, per pin (Icc) +50 mA (t,t)  Vog=2.0V 
Storage Temperature Range (Tstg) . .—65°C to + 150°C Voc=4.5V 
Power Dissipation (Pp) Voc=6.0V 
(Note 3) ot 600 mW 
S.O. Package only 500 mw 
Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Input or Output Voltage 
(Vin. Vout) 


DC Electrical Characteristics (note 4) 


Parameter . 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level! Vin= Vin OF VIL 
Output Voltage lloyt|<20 pA 


Vin= Vin OF Vit 
lloutl <4.0 mA 
llout| <5.2 mA 


Maximum Low Level | Vig=Vjy or Vit 
Output Voltage llout|<20 pA 


Vin= Vin OF Vit 
lloutl <4. OmA 
llout| <5.2 mA 


Maximum Input Vin= Voc or GND 6. wy 

Current 

Maximum TRI-STATE | Strobe=Vcoc 6. atts +0.5 

Output Leakage Vout= Vcc or GND 

Current 

Maximum Quiescent | Vin=Vcc or GND 6.0V 
Supply Current - louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N’’ package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vox, and VoL) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj and Vic occur at Vcc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


** Vi limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc=5v, T,=25°C, t;=t}=6 ns, C.=15 pF 


Conditions Guaranteed Limit 
tpHL teLH Maximum Propagation 24 
Delay, Select A or B to Y 
tpHL: tpLH Maximum Propagation 18 23 
Delay, any Data to Y 
tpzH, tpzL Maximum Output Enable Time RL=1ka2 13 18 
Y Output to a Logic Level 
tpHz, tpLz Maximum Output Disable Time Rp=1koa 18 27 
Y Output to High Impedance State 
AC Electrical Characteristics c, =50 pr, t,=t;=6 ns (unless otherwise specified) 
, Ta=25°C 74HC 5 
Parameter Conditions Vcc A~ Ta = — 40 to 85°C | Ta = — 55 to 125°C | Units 
| Typ | Guaranteed Limits 
tpHL, tpLy | Maximum Propagation 2.0V j 131 ae es 237 
Delay, Select A or B to Y 4.5V |] 29 53 
6.0V | 24 45 
tpHL tpLy | Maximum Propagation 2.0V | 99 189 
Delay, any Data to Y 4.5V} 22 
6.0V| 19 
tpzH, tpz_ | Maximum Output Enable Time | RL=1k0 2.0V ae 
4.5V 
6.0V 3 
tpyz, tpLz | Maximum Output Disable Time | RL=1 ka 2.0V | 90 169 
4.5V 1 20 
6.0V | 17 


38 

31 

tTHL: ttLH | Maximum Output Rise 2.0V = 95 
and Fall Time 4.5V 19 

6. el SEE Se 


Maximum Input Capacitance ine i 


Power Dissipation (per package) 
Capacitance (Note 5) Outputs Enabled 
Outputs Disabled 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+!oc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ Ic. 


Logic Diagram 


SELECT 


TL/F/5108-2 
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ESCOHPLIANIN/ESCOHPSWN 


MM54HC257/MM74HC257 


National | 
Semiconductor 


MM54HC257/MM74HC257 


Quad 2-Channel TRI-STATE® Multiplexer 


General Description 


This QUAD 2-TO-1 line data selector/multiplexer utilizes ad- 
vanced silicon-gate CMOS technology. Along with the high 
noise immunity and low power dissipation of standard 
CMOS integrated circuits, it possesses the ability to drive up 
to 15 LS-TTL loads. The large output drive capability cou- 
pled with the TRI-STATE feature make this device ideal for 
interfacing with bus lines in a bus organized system. When 
the OUTPUT CONTROL input line is taken high, the outputs 
of all four multiplexers are sent into a high impedance state. 
When the OUTPUT CONTROL line is low, the SELECT in- 
put chooses whether the A or B input is used. 


Connection and Logic Diagrams 


- Dual-In-Line Package 


“INPUTS INPUTS 
OUTPUT __——— OUTPUT ———— OUTPUT 


Vcc CONTROL 4A «= 4B. ss 4Y~—s—iSA—S—s 3B 


INPUTS 
TL/F/5329-1 
Top View 


Order Number MM54HC257* or MM74HC257* 


The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

Typical propagation delay: 12 ns 

mm Wide power supply range: 2V-6V 

@ Low quiescent current: 80 pA maximum (74HC Series) 
m@ TRI-STATE outputs for connection to system buses. 


OUTPUT(1 alll 


TL/F/5329-2 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


fe 
Control 


H = high level, L = low level, X = irrelevant, Z = high impedance, (off) 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 

Supply Voltage (Vcc) ~0.5 to +7.0V (Vin. Vout) 

DC Input Voltage (Vin) —1.5 to Voco+ 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) -0.5 to Veg + 0.5V MM74HC 

Clamp Diode Current (jx, lox) £20mA MMSSHC ; 

DC Output Current, per pin (lout) +35mA ae ies a seis 

DC Vcc or GND Current, per pin (Icc) +70 mA (tr Voss 45V 

Storage Temperature Range (Tstq) —65°C to + 150°C Voc =6.0V 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


ZSCOHPZWW/ZSZOHPSININ 


DC Electrical Characteristics (note 4) 


Parameter Conditions 


Minimum High Level 
Input Voltage 


reve —} 


Input Voltage ** 


Minimum High Level | Vin=Viq or Vit 
Output Voltage llout| <20 pA 


ViN= Vin OF ViL 
llout|<6.0 mA 
\lout|<7.8 mA 


Maximum Low Level | Vin=Vjy or ViL 
Output Voltage llout| <20 pA 


VIN= Vin OF ViL 
llout| <6.0 mA 
\lout| <7.8 mA 


Maximum Input Vin=Vcc or GND 6.0 +0.1 +1.0 +1.0 
Current 

Maximum TRI-STATE |} Vout=Vcc or GND | 6.0V +0.5 +5.0 +10 
Output Leakage OC=Vin 

Maximum Quiescent | Vin=Vcc or GND 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current {I\n. 
Ioc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vic limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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MM54HC257/MM74HC257 


AC Electrical Characteristics voo=5v, T,=25°C, t,=t=6 ns 


Maximum Propagation 


tPHL tPLH 
tPHL tPLH 


Maximum Propagation 


Delay, Select to any Y Output 


Delay, A or B to any Y Output 


tpzH, tpz_ | Maximum Output Enable 
Time, any Y Output to a Logic Level 


CL=45 pF 


tpyz, tp_z | Maximum Output Disable RL=1 ko 15 
Time, any Y Output to a High Impedance State | C_=5 pF 
AC Electrical Characteristics Voc = 2.0V to 6.0V, C, = 50 pF, t= ts=6 ns (unless otherwise specified) 


74HC 54HC 
= —40 to 85°C | Ta= —55 to 125°C | Units 


tpHL, tpLH | Maximum Propagation 
Delay, Select to any 
Y Output 


Maximum Propagation 
Delay, A or B to any 
Y Output 


teHL tpLH 


Maximum Output 
Enable Time, 
any Y Output to a Logic Level! 


tpzH, tpze 


tpyz, tp_z | Maximum Output Disable 


Time, any Y Output to a High 
Impedance State 


Maximum Output Rise 
and Fall Time 


trHL tTLH 


Power Dissipation 
Capacitance (Note 5) 


Cpp 


Cin 


Maximum Output Capacitance 


Cout 





C,_=50 pF 
C_= 150 pF 


6.0V| 9 

6.0V| 13 32 
CL=50pF | 20v] 50 125 150 
C_=150 pF | 2.0v| 70 190 221 
CL=50pF | 4.5V]| 10 30 
CL=150 pF | 4.5V} 15 45 


C_=50 pF 


6.0V } 10 17 21 25 
6.0V | 17 26 32 38 


C= 150 pF 


RL=1 ko 
CL=50pF | 2.0V} 75 | 150 189 224 
CL=150 pF | 2.0V } 100 } 200 252 298 
CL=50pF | 4.5V] 15 30 45 
C_=150 pF | 4.5V ) 20 40 60 
CL=50pF | 6.0V} 13 26 32 38 
CL=150 pF | 6.0V ; 17 34 43 51 
2.0V | 75 150 189 
45V 1 15°} 30 
13 26 
C_=50 pF 
(per mux) 


6.0V 
Enable 


2.0V 
4.5V 
Disabled 


Maximum Input 10 
Capacitance 


a ee EE ee ee ee 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Ioc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+Icc. 
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National — 
Semiconductor 


MM54HC258/MM74HC258 Quad 2-Channel 
TRI-STATE® Multiplexer (Inverted Output) 


General Description 


This Quad 2-to-1 line data selector/multiplexer utilizes ad- 
vanced silicon-gate CMOS technology. Along with the high 
noise immunity and low power dissipation of standard 
CMOS integrated circuits, these possess the ability to drive 
LS-TT loads. The large output drive capability with the 
TRI-STATE feature make this device idea! for interfacing 
with bus lines in a bus organized system. When the Output 
Control line is taken high, the outputs of all four multiplexers 
are sent into a high impedance state. When the Output Con- 
trol tine is low, A or B data is selected for the HC258. The 
54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. 


Connection Diagram 
Dual-In-Line Package 


INPUTS INPUTS 
OUTPUT —————  QUTPUT ——___ OUTPUT 
Vcc CONTROL 4A «= 4B-—s4Y)siAK—«éSBB$#=C*sé=—BY” 


INPUTS INPUTS 
TL/F/9392-1 
Top View 


Order Number MM54HC258* or MM74HC258* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 

| inputs 
Ou 
Con 


tput 
H Z 


H = high level, L = low level, X = irrelevant, Z = high impedance, (off) 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

@ Typical propagation delays: 16 ns 

m Wide power supply range: 2V-6V 

m@ Low quiescent supply current: 80 »A maximum 
(74HC Series) 

@ TRI-STATE outputs for connection to system buses 


‘w Added circuitry allows data input levels to float during 


TRI-STATE with no additional power consumption 


Logic Diagram 


OUTPUT(15) 


TL/F/9392-2 
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MM54HC258/MM74HC258 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vn) —1.5 to Voo+ 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ijx, lox) £20mA 
DC Output Current, per pin (IoyT) +35mA 
DC Voc or GND Current, per pin (ioc) +70mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.0. Package only 


Lead Temp. (T,) (Soldering, 10 sec.) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (Note 4) 


Parameter Conditions 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


VIN= Vin oF ViL 
llout|<20 pA 


ViN= Vin OF Vit 
lout] <6.0 mA 
llout| <7.8 mA 


Maximum Low Level 
Output Voltage 


ViIN= Vin OF ViL 
llouT|<20 pA 


VIN= Vin OF Vit 
llout| <6.0 mA 
llout| <7.8 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
_ (in. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Voc=4.5V 
Voc=6.0V 


74HC 54HC 
| Tanase | 25°C Ta=—40 to 85°C | Ta= —55 to 125°C | Units 


| Typ | Guaranteed Limits 


0.26 
0.26 


Maximum Input Vin=VecorGND | 6.0V +0.1 +1.0 
Current 
Maximum TRI-STATE | Vout=Vcc or GND | 6.0V £0.5 5.0 
Output Leakage OC=Vin 
Maximum Quiescent | Vin=Vcc or GND 6.0V 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘“‘J" package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (In, 
Ioc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Vcc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc=5sv, 1, =25°C, t,=t}=6 ns 


| Parameter | Conaitions_— | Typ 
tPpHL tpLy Maximum Propagation CL= 45 pF 18 
Delay, SELECT to any Y Output 
tpHL teLH Maximum Propagation C_=45 pF 16 
Delay, A or B to any Y Output 
tpzH, tpz- Maximum Output Enable Rp=1k0 27 
Time, any Y Output to a Logic Level Cy. =45 pF 
tpHz, tpLz Maximum Output Disable Re=1ka 44 
Time, any Y Output to a High Impedance State C.=5 pF 


AC Electrical Characteristics Vcoc= 2.0V to 6.0V, C_ =50 pF, t,= ts=6 ns (unless otherwise specified) 


ia ete 74HC BAH 
Parameter Veo Ta=—40 to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 


utpu 


tpHL: tpLH | Maximum Propagation . 115 135 
Delay, A or B to any 
Y Output 


>| > 
ola 
<|< 


tpzH; tpz_ | Maximum Output 
Enable Time, 
any Y Output to a Logic Level 


tpHz, tp_z | Maximum Output Disable 
Time, any Y Output to a High 
Impedance State 


ttHL: tTLH | Maximum Output Rise 
and Fall Time 


Power Dissipation (per mux) 
Capacitance (Note 5) Enable 
Disabled 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ Ioc Voc, and the no load dynamic current consumption, ls =Cpp Voc f+ lec. 
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MM54HC259/MM74HC259 


National — 
Semiconductor 


MM54HC259/MM74HC259 


8-Bit Addressable Latch/3-to-8 Line Decoder 


General Description 


This device utilizes advanced silicon-gate CMOS technolo- 
gy to implement an 8-bit addressable latch, designed for 
general purpose storage applications in digital systems. 


The MM54HC259/MM74HC259 has a single data input (D), 
8 jatch outputs (Q1-Q8), 3 address inputs (A, B, and C), a 
common enable input (G), and a common CLEAR input. To 
operate this device as an addressable latch, data is held on 
the D input, and the address of the latch into which the data 
is to be entered is held on the A, B, and C inputs. When 
ENABLE is taken low the data flows through to the ad- 
dressed output. The data is stored when ENABLE tran- 
sitions from low to high. All unaddressed latches will remain 
unaffected. With enable in the high state the device is dese- 
lected, and all latches remain in their previous state, unaf- 
fected by changes on the data or address inputs. To elimi- 
nate the possibility of entering erroneous data into the latch- 
es, the enable should be held high (inactive) while the ad- 
dress lines are changing. 


Connection Diagram 


Dual-In-Line Package 
TPUT: 
ens ata, ES. 
Voc CLEARABLE IN Q7 Q6 Q5 Q4 


La 


3 5 6 7 


1 |10 
ACtEARG 
. a 
C ao ai a2 a3 04 05 06 07 
2 


13° 412 1 9 
8 


1 


A B Cc ao at Q2 Q3 + 4GND 


ee ee 
LATCH SELECT OUTPUTS 


Top View 


Order Number MM54HC259* or MM74HC259* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


Outputs of 
Addressed 
Latch 


TL/F/5006-1 


Each 
Other 
Output 


Addressable Latch 
Memory 
8-Line Decoder 
Clear 





If enable is held high and CLEAR is taken low all eight latch- 
es are cleared to a low state. If enable is low all latches 
except the addressed latch will be cleared. The addressed 
latch will instead follow the D input, effectively implementing 
a 3-to-8 line decoder. 


All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

@ Typical propagation delay: 18 ns 

m Wide supply range: 2-6V 

w Low input current: 1 #A maximum: 

@ Low quiescent current: 80 »A maximum (74HC Series) 


Latch Selection Table 


Select Inputs 


Latch 
Addressed 


seo fh 


H = high level, L = low level 
D = the level at the data input 


Qi the level of Q; (i = 0, 1...7, aS appro- 
priate) before the indicated steady-state in- 
put conditions were established. 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Veo + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ix, lox) +20mA 
DC Output Current, per pin (IoyrT) +25mA 
DC Vcc or GND Current, per pin (Icc) +50mA 
Storage Temperature Range (TsTc) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 
DC Electrical Characteristics (note 4) 
Parameter 


Minimum High Level 
Input Voltage 


2.0V 
4.5V 
6.0V 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin=Vin or Vit 
llout|<20 pA 2.0V 
4.5V 


6.0V 


Vin = Vin OF Vit 
lout] <4.0 mA 
llour| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
lout] <20 pA 2.0V 
4.5V 


6.0V 
Vin = Vin oF Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Conditions 


Operating Conditions 


4.5V 
6.0V 
4.5V 
6.0V 


Maximum Input Vin= Vcc or GN 6.0V 
Current 


Maximum Quiescent 
Supply Current 


Vin= Vcc or GND 
louT=0 pA 


Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HCG 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc =4.5V 
Voc=6.0V 


eee 74HC 54HC 
A Ta=—40to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.5 
3.15 


4.2 


1.9 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when designing . 


with this supply. Worst case Vjy and Vi_ occur at Vcc =5.5V and 4.5V respectively. (The Viq value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
lgz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi. specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC259/MM74HC259 


AC Electrical Characteristics (vcc=5.0v, T,=25°C, t,=t;=6 ns, C, = 15 pF unless otherwise specified.) 
Guaranteed 

[symbol | __ Parameter _——_—_| conatons | 1yp| Limit unt 
tpHL, tpLH | Maximum Propagation Delay 

Data to Output 
tpHL, tpLy } Maximum Propagation Delay 38 

Select to Output 
tpHL, tp_y | Maximum Propagation Delay 

Enable to Output 
teHL Maximum Propagation Delay 17 

eas to Output 

‘tw | Minimum Enable Pulse Width ee ee 


Cae Minimum Clear Pulse width |_| 0 | tens 
Maximum Input Rise and Fall Time |__| __s00_ |e | 


Minimum Setup Time Select or 15 
Data to Enable 

Minimum Hold Time Data or 

Address to Enable 


AC Electrical Characteristics t,=t=6 ns, c,=50 pF, Voc=2.0V-6.0V 


» A poate 74HC 54HC 
Symbol Parameter Vec AS =—40to 85°C Ta= —55 to 125°C | Units 
_—s Guaranteed Limits 


tpHL, tpLH | Maximum Propagation Delay Bef 225 250 
Data to Output 37 46 52 
32 


220 
43 
37 


200 
40 
35 


150 
31 
26 


tw Minimum Pulse Width . 80 
Clear or Enable i 16 
i 14 


tpHL, tpLy | Maximum Propagation Delay 
Select to Output 


tpHL, tpLH | Maximum Propagation Delay 
Enable to Output 


tpHL Maximum Propagation Delay. 
Clear to Output 


Minimum Setup Time Address 100 
or Data to Enable 


ty Minimum Hold Time Address or 
Data to Enable 


ttLH. trHL | Maximum Output Rise 
and Fall Time 





Cin Input Capacitance 


Cpp Power Dissipation (per package) 
Capacitance (Note 5) 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+ Icc Vcc, and the no load dynamic current consumption, ls = CppsVccsf+Icc. 
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Logic Diagram 
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MM54HC266A/MM74HC266A 


National — 
Semiconductor 


MM54HC266A/MM74HC266A Quad 2-Input 
Exclusive NOR Gate (Open Drain) 


General Description 


This exclusive NOR gate utilizes advanced silicon-gate 
CMOS technology to achieve operating speeds similar to 
equivalent LS-TTL gates while maintaining the low power 
consumption and high noise immunity characteristic of stan- 
dard CMOS integrated circuits. These gates are fully buff- 
ered and have a fanout of 10 LS-TTL loads. The MM54HC/ 
MM74HC logic family is functionally as well as pin out com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Connection Diagram 


Features 

m Typical propagation delay: 9 ns 

m Wide operating voltage range: 2-6V 

B Low input current: 1 wA maximum 

m@ Low quiescent current: 20 wA maximum (74 Series) 
m Output drive capability: 10 LS-TTL loads 

mg Open drain outputs 


Dual-In-Line Package 


‘Y3 


TL/F/8435-1 


Top View 
Order Number MM54HC266A* or MM74HC266A* 


*Please look into Section 8, 
Appendix D for availability of various package types. 


Truth Table 


Logic Diagram 


OUTPUT 


TL/F/8435-2 
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Absolute Maximum Ratings (notes 1 a 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Voy) —0.5 to Veo + 0.5V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage - 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HG 


MMS54HC 


Input Rise or Fall Times 
(t,t) Voc=2.0V 
Voc = 4.5V 
Voc =6.0V 


Clamp Diode Current (I}x, lox) +20 mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (TL) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Ta=25°C ties pei | 
Voc A Ta=—40 to 85°C | Ta= —55 to 125°C | Units 


2.0V 1.5 1.5 1.5 
4.5V 3.15 3.15 ; 
6.0V 2 4.2 : 


Parameter 


Minimum High Level 
Input Voltage 

4 
Maximum Low Level 0 
Input Voltage** 


2.0V 5 0.5 
4.5V 1.35 1.35 
6.0V 1.8 1.8 


2.0V | 2.0 1.9 1.9 
45V] 45 | 4.4 4.4 
6.0V | 6.0 | 5.9 5.9 
4.5V } 4.2 | 3.98 
6.0V | 5.7 | 5.48 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
llouT|<20 pA 


Vin= VIL 
lloutl<4.0 mA 
llout|<5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin Or Vit 
lout] <20 pA 


Vin = Vin OF ViL 
llout| <4.0 mA 
lout] <5.2 mA 


Maximum Input Vin= Vcc or GND , 
Current 

Maximum Quiescent Vin= Voc or GND 
Supply Current lout=0 pA 


Maximum TRI-STATE® | Vin=Vi or Vin 
Leakage Current Vout= Vcc or GND 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi, occur at Voc =5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, cc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Viz limits are currently tested at 20% of Voc. The above V}) specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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MM54HC266A/MM74HC266A 


AC Electrical Characteristics vcc=5v, T,=25°C, C, = 15 pF, t;=t;=6ns 


| symict | parameter | 
tpiz, tpzi Maximum Propagation 
Delay 


AC Electrical Characteristics Vo¢ = 2.0v to 6ov, oan = 50 pF, t, = ty = 6 ns (unless otherwise specified) 


74HC 54HC 
Parameter Conditions —40 to 85°C | Ta= —55 to 125°C 


Guaranteed Limits 


tpLz, tpz_ | Maximum Propagation 


Delay 


Maximum Output —; 


Fall Time 


Power Dissipation (per gate) 
Capacitance (Note 5) 

Maximum Input 

Capacitance 


Maximum Three State 
Output Capacitance 
Output in 

TRI-STATE 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ Ioc Voc, and the no load dynamic current consumption, ls =Cpp Voc f+ Icc- 
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National - 
Semiconductor 


MM54HC273/MM74HC273 Octal D 


Flip-Flops with Clear 


General Description 


These edge triggered flip-flops utilize advanced silicon-gate 
CMOS technology to implement D-type flip-flops. They pos- 
sess high noise immunity, low power, and speeds compara- 
ble to low power Schottky TTL circuits. This device contains 
8 master-slave flip-flops with a common clock and common 
clear. Data on the D input having the specified setup and 
hold times is transferred to the Q output on the low to high 
transition of the CLOCK input. The CLEAR input when low, 
sets all outputs to a low state. 


Each output can drive 10 low power Schottky TTL equiva- 
lent loads. The MM54HC273/MM74HC273 is functionally 


Connection Diagram 


as well as pin compatible to the 54LS273/74LS273. All in- 
puts are protected from damage due to static discharge by 
diodes to Vcc and ground. 


Features 

@ Typical propagation delay: 18 ns 

@ Wide operating voltage range 

@ Low input current: 1 »A maximum 

m@ Low quiescent current: 80 pA (74 Series) 
w Output drive: 10 LS-TTL loads 


Dual-In-Line Package 


20 


¥ 
E CLEAR Y 


TL/F/5331-1 


Top View 


Order Number MM54HC273* or MM74HC273* 
*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


(Each Flip-Flop) 


high level (steady state) 
low level (steady state) 


don't care 


transition from low to high level 
io = the level of Q before the indicated steady state 
input conditions were established 
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MM54HC273/MM74HC273 


Absolute Maximum Ratings (Notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) ~—1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Veo + 0.5V 
Clamp Diode Current (lik, lox) +20mA 
DC Output Current, per pin (lout) £25 mA 
DC Vcc or GND Current, per pin (Ic) +50 mA 
Storage Temperature Range (TsTq) —65°C to + 150°C 
Power Dissipation (Pp) . 

(Note 3) 

S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 


: Operating Temp. Flange (Ta) 


MM74HC —40 
MM54HC —55 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Voc=4.5V 
Voc = 6.0V 


74HC 
Ta=—55to 125°C | Units 


Ta=25°C 
Parameter Ta= — 40 to 85°C = 
Guaranteed Limits 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin or Vit 
llouTls20 pA 


Vin= Vin or Vi 
lout] <4.0 mA 
llout|<5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin OF Vit 
llout] S20 1A 


Vin=ViH OF ViL 
lout! <4mA 
llour| <5.2 mA 


Maximum Input Vin=Vcoc or GND | 6.0V +0.1 .0 +1.0 
Current 

Maximum Quiescent } Vin=VccorGND | 6.0V 160 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of SV + 10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vy and V)_ occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, Ico, and 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics v.c=5v, T,=25°C, C, =15 pF, t-=t;=6 ns 


Guaranteed 

fMax Maximum Operating MHz 
Frequency 

tpHL, tpLH | Maximum Propagation 27 
Delay, Clock to Output 

SE i A Pak 

Minimum Removal Time, 20 
Clear to Clock 
Minimum Setup Time 10 20 
Data to Clock 

ty Minimum Hold Time 
Clock to Data 


Maximum Propagation 
Delay, Clear to Output 


tw Minimum Pulse Width 16 
Clock or Clear 


AC Electrical Characteristics C_=50 pF, t;=t;=6 ns (unless otherwise specified) 


74HC 54HC 
Ta=—40to 85°C | Ta= —55to 125°C | Units 


Guaranteed Limits 


Symbol 


fax 


teHL tpLH 


tPHL 


tREM 


tr, t 


tro tTLH 


Cpp 


Parameter 


Maximum Operating 
Frequency 


Maximum Propagation 
Delay, Clock to Output 


Maximum Propagation 
Delay, Clear to Output 


Minimum Removal Time 
Clear to Clock 


Minimum Setup Time 


Data to Clock 


Minimum Hold Time 
Clock to Data 


Minimum Pulse Width 
Clock or Clear 


Maximum Input Rise and 
Fall Time, Clock 


Maximum Output Rise 
and Fail Time 





Maximum Input 
Capacitance 


Power Dissipation (per flip-flop) 
Capacitance (Note 5) 


Ta=25°C 


2.0V | 16 
4.5V ] 74 
6.0V | 78 


38 
14 
12 


42 
19 


18 
26 
a 
5: 
—15 
—6 


-4 


34 
11 


10 

28 
11 
9 


2a 
=a oa A 


170 
34 
29 


170 
34 
29 
32 
6 
5 


25 
21 


5 4 3 
27 21 18 
31 24 20 


205 
41 
35 


205 
41 
35 


37 
7 
6 


30 
25 


(fo) 


-_ = 9 
on 


MHz 
MHz 
MHz 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+!cc Vcc. and the no load dynamic current consumption, Ils =Cpp Voc f+ Icc- 


3-251 





€ZZOHPZWIN/EZZOHPSWAN 





MM54HC273/MM74HC273 


Logic Diagram 
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National 


Semiconductor 


MM54HC280/MM74HC280 
9-Bit Odd/Even Parity Generator/Checker 


General Description Features 


The MM54HC280/MM74HC280 utilizes advanced silicon- m™ Typical propagation delay: 28 ns 
gate CMOS technology to achieve the high noise immunity m™ Wide power supply range: 2V-6V 
and low power consumption of standard CMOS integrated tow quiescent current: 80 pA maximum (74HC) 
circuits. It possesses the ability to drive 10 LS-TTL loads. m Low input current: 1 pA maximum 
This parity generator/checker features odd/even outputs to gm Fanout of 10 LS-TTL loads 
facilitate operation of either odd or even parity applications. 

The word length capability is easily expanded by cascading 

devices. The 54HC/74HC logic family is speed, function, 

and pinout compatible with the standard 54LS/74LS family. 

All inputs are protected from damage due to static dis- 

charge by internal diode clamps to Vcc and ground. 


Connection Diagram 


Function Table 


Dual-In-Line Package 
INPUTS 


>>} 
INPUT EVEN opd 
ee 


OUTPUTS 


INPUTS 


TOP VIEW TL/F/5121-1 


Order Number MM54HC280* or MM74HC280* 


*Please look into Section 8, Appendix D for availability of various package types. 


Numbers of Inputs A 
thru 1 that are High z ———outpute _ 





0, 2, 4,6, 8 
1,3,5,7,9 : 


H = high level, L= low level 
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MM54HC280/MM74HC280 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ix, Iox) +20 mA 
DC Output Current, per pin (IoyT) +25mA 
DC Vec or GND Current, per pin (Ioc) +50 mA 
Storage Temperature Range (TsTq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin=Vin or Vit 
llourl s20 pA 


ViN= Vin OF Vi 
llout|<4.0 mA 
lout] <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
llouTl $20 pA 


Vin= Vin OF Vit 
llout|<4.0 mA 
llout|<5.2 mA 


Maximum Input Vin=Vcc orGND | 6.0V 

Current 

Maximum Quiescent | Vin=Vcocor GND | 6.0V 
louT=0 pA 


Supply Current 


4.5 


AE 


6.0 
4.2 
5.7 
0.2 | 0.26 
0.2 | 0.26 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, VouT) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc =4.5V 
Voc =6.0V 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 
5.9 


3.98 
5.48 


3.84 
5.34 


0.1 0.1 
0.1 


0.1 


0.1 


+0.1 +1.0 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and VoL) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vy and Vi, occur at Vcc =5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case feakage current (lin, 
Ioc, and Iqz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcc=5v, T= 25°C, C_=15 pF, t,=t;=6 ns 
Guaranteed 
sit [rat [conte [ ne | SY [vt 
teHL, tPLH Maximum Propagation 28 35 
Delay, Data to = Even 
tepHL tPLH Maximum Propagation 28 35 
Delay, Data to = Odd 


AC Electrical Characteristics vcc=2.0v to 6.0v, C, =50 pF, t, = ty=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Conditions | Voc |_* Ta= —40 to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 
tpH_, tpLH | Maximum Propagation 2.0V | 103 | 205 258 305 
Delay, Data to > Even 4.5V | 21 41 52 
6.0V | 17 35 44 
tpH_, tpLH | Maximum Propagation 2.0V | 103 | 205 258 
Delay, Data to & Odd 4.5V | 21 41 52 
6.0V | 17 35 44 
ttLH, tru_ | Maximum Output Rise 2.0V | 30 75 95 
and Fall Time 4.5V 8 15 19 
6.0V 7 13 16 
Power Dissipation 83 
Capacitance (Note 5) 


Maximum inputCapacitance | | | 5 | to] to | tT 


Voc= pin 14 
GND=pin7 


"HC280 TL/F/5121-2 
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O8ZOHPZWW/08Z2DHPSWW 


MM54HC283/MM74HC283 


National - 
Semiconductor 


MMS54HC283/MM74HC283 
4-Bit Binary Adder with Fast Carry 


General Description 

This full adder performs the addition of two 4-bit binary num- 
bers utilizing advanced silicon-gate CMOS technology. The 
sum (2) outputs are provided for each bit and the resultant 


carry (C4) is obtained from the fourth bit. These adders fea- - 


ture full internal look ahead across all four bits. This pro- 
vides the system designer with partial look-ahead perform- 
ance at the economy and reduced package count of a rip- 
ple-carry implementation. 


The adder logic, including the carry, is implemented in its 
true form meaning that the end-around carry can be accom- 
plished without the need for logic or level inversion. All in- 
puts are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Connection Diagram 


Features 

m Full-carry look-ahead across the four bits 

g Systems achieve partial look-ahead performance 
with the economy of ripple carry 

@ Wide supply range: 2V to 6V 

m@ Low quiescent power consumption: 8 wA at 25°C 

m@ Low input current: 1 ~#A maximum 


Dual-in-Line Package 


B3 A3 23 


A4 B4 24 


TL/F/5332~1 


Top View 
Order Number MM54HC283* or MM74HC283* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 


lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vn) 

DC Output Voltage (Vout) 

Clamp Diode Current (lik, lox) 

DC Output Current, per pin (lout) 

DC Voc or GND Current, per pin (icc) 
Storage Temperature Range (Tstjq) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


—0.5 to + 7.0V 
—1.5 to Veco + 1.5V 
—0.5 to Voc + 1.5V 

+20 mA 
+25 mA 
+50 mA 
—65°C to + 150°C 


600 mW 
500 mw 


260°C 


DC Electrical Characteristics (Note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin or Vit 
lout] <20 pA 


Vin = Vin oF Vit 
llour| <4.0 mA 
llout}<5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin oF Vit 
llout| S20 pA 


Vin = Vin oF Vit 
llout| <4.0 mA 
lout! $5.2 mA 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N"’ package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/"C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi} and Vj occur at Vcc =5.5V and 4.5V respectively. (The Vj, value at 5.5V is 3.85V.) The worst case leakage current (lin; Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi- limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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; 74HC 
ee =—40 to 85°C | T 


Guaranteed Limits 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
~ (Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(tr, tp) Voc=2.0V - 
Voc =4.5V 
Voc = 6.0V 


—40 
—55 


Max Units 
6 V 


Vcc Vv 


54HC 
A= —55to 125°C | Units 


- 0.26 0.33 0.4 
0.26 0.33 0.4 
Maximum Input Vin=Vcoc or GND | 6.0V £0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VcocorGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
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MM54HC283/MM74HC283 


AC Electrical Characteristics voc = 5v, Ta = 25°C, C, = 15pF,t, = = 6ns 


Symbol _ Parameter Conditions |; Typ Suaranised 
Limit 
tpH_, tpLy | Maximum Propagation a 
Delay From CO to 31 or £2 
tpHL, tpLy | Maximum Propagation 18 27 
Delay From CO to =3 
tpHi, tpLy | Maximum Propagation 
Delay From CO to 34 
tpHL, tpLy | Maximum Propagation 17 
Delay From A1 or B1 to 31 
tpH_, tpty | Maximum Propagation 
Delay From CO to C4 
tpHL, tpLH | Maximum Propagation 
Delay From A1 or B1 to C4 


AC Electrical Characteristics C. = 50 pF, t, = ty = 6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Symbol Parameter a Ta=—40to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 


tpHL. tpty | Maximum Propagation =e ees 
Delay From CO to =1 or 52 4.5V 
; 6.0V 
60 


tpyL, tpty | Maximum Propagation 2.0V 
Delay From CO to 33 4.5V 
6.0V 


tpHL, tpty | Maximum Propagation 2.0V } 65 
Delay From CO to =4 4.5V | 24 
6.0V 


tpHL, tpLH | Maximum Propagation 2.0V 
Delay From A1 or B1 to =1 4.5V 
6.0V 


trou ttLH ©} Maximum Output 


Rise and Fall Time . eo r 


Cin Maximum Input 10° 
Capacitance 
Cpp Power Dissipation 
; Capacitance (Note 5) 
Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? ftIcc Voc, and the no load dynamic current consumption, 
Is = Cpp Voc f+ lec. 


tpHL, tpLy | Maximum Propagation 
Delay From A1 or B1 to C4 


i 

18 

18 

19° 

22 

: 18 . 
teH_, tpLH | Maximum Propagation A 70 
Delay From CO to C4 ‘ 26- 

t 6. 21 

H 70 

. 26 

. 21 
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Truth Table 


When 

CO=L : 
When 
C2=L 


a1] A3|B1}B3| a2] a4/B2/ 84] 21] 53] 32] 24] C2] C4] =1] 53 52] 24] C2] ca] 


€8ZOHPZWIN/E8COHPSWIN 


LeLrtTrLr Ler Lele Te 
DIrrtrrrrrIreKrirere 
IETTerrrrLrIrrierecre 
TrrTrrTrrr@rrrrerercee 
rmmterrrertioirriirr 
pete ee Ee 
TUETIrrr@rrrrreore 
Iertkrtrrrorrigrirre 
TUE@rrrcrtrrerrririir 
mrrrrrrer@rrrtrrrere 


H = high level, L = low level 


Note: Input conditions at A1, B1, A2, B2, and CO are used to determine outputs 21 and =2 and the value of the 
internal carry C2. The values at C2, A3, B3, A4, and B4 are then used to determine outputs £3, 24, and C4 
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MM54HC283/MM74HC283 


Logic Diagram 


| 


i 


Hill 
els 


TL/F/5332-2 
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National | 
Semiconductor 


MM54HC298/MM74HC298 


Quad 2-Input Multiplexers With Storage 


General Description 


These high speed quad two input multiplexers with storage 
utilize advanced silicon-gate CMOS technology. Both cir- 


cuits feature high noise immunity and low power consump- | 


tion associated with CMOS circuitry, along with speeds 
comparable to low power Schottky TTL logic. 


These circuits are controlled by the signals WORD SELECT 
and CLOCK. When the WORD SELECT input is taken low 
Word 1 (A1, B1, C1 and D1) is presented to the inputs of the 
flip-flops, and when WORD SELECT is high Word 2 (A2, B2, 
C2 and D2) is presented to the inputs of the flip-flops. The 
selected word is clocked to the output terminals on the neg- 
ative edge of the clock pulse. 


Connection and Logic Diagrams 


Dual-In-Line Package 


OUTPUTS 


WORD INPUT 
Qp CLOCK SELECT C1 


DATA INPUTS 
TL/F/5334-2 
Top View 


Order Number MM54HC298* or MM74HC298* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 
m Typical propagation delay, 
clock to output: 20 ns 
m= Wide power supply range: 2V-6V 
g@ Low quiescent current: 
80 pA maximum (74HC Series) 
@ Low input current: 1 pA maximum 


TL/F/5334-1 


H = High Level (steady state) 

L = Low Level (steady state) 

X = Don’t Care (any input, including transitions) 

4 = Transition from high to low level 

al, a2, etc. = The level of steady-state input at A1, A2, etc. 


Qao, Qgo, etc. = The level of Qa, Qg, etc. entered on the most recent | 
transition of the clock input. 
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MM54HC298/MM74HC298 


Absolute Maximum Ratings Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
(Notes 1 & 2) (Vin: Vout) 

Supply Voltage (Vcc) —0.5 to +7.0V Operating Temp. Range (Ta) 

DC Input Voltage (Vin) —1.5 to Veg+1.5V MM74HG 

DC Output Voltage (Vou) ~0.5 to Voc + 0.5V NO, 

Clamp Diode Current (lik, lox) +20mA Input # ne ao 

DC Output Current, per pin (lout) +25 mA (te td Veo= 4.5V 

DC Vcc or GND Current, per pin (Icc) +50 mA Voc =6.0V 

Storage Temperature Range (Tstg) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


T,=25°C 74HC 54HC 
Parameter Conditions Vegas Ta=—40to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 


Minimum High Level 2.0V 1.5 1.5 
Input Voltage 4.5V 3.15 3.15 
6.0V 4.2 4.2 


2.0V 
4.5V 
6.0V 


0.5 0.5 
1.35 1.35 
1.8 1.8 


Maximum Low Level 
Input Voltage** 


‘Minimum High Level | Vin =Viy or Vit 

Output Voltage llout| <20 pA 2.0V]} 2.0] 1.9 1.9 
4.5V | 4.5 4.4 4.4 
6.0V 5.9 


5.9 5.9 
3.98 3.84 3.7 
5.48 5.34 5.2 


0.1 0.1 0.1 
0.1 0.1 0.1 


6.0 
4.2 
5.7 
i. 0.1 0.1 0.1 
ViIN=VIH OF ViL 
llout| <4 mA : 0.2 | 0.26 0.4 
lout| <5.2 mA : 0.2 | 0.26 0.4 
Maximum Input Vin=Vcc or GND : +0.1 +1.0 +1.0 
Current ; 


Supply Current louT=0 pA ae 
Note 3: Power Dissipation temperature derating — plastic ‘“‘N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Vin = Vin OF Vit 
llout| <4.0 mA 4.5V 
lout! <5.2mA 6.0V 


Maximum Low Level | Vin=ViyH OF Vit 
Output Voltage llout|<20 pA 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi, occur at Vcc= 5.5V and 4.5V respectively. (The Vj) value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
lz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above V), specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voco=5v, T,=25°C, C, = 15 pF, tp =t}=6 ns 


tPLH Propagation Delay Time, 21 32 
Low-to-High Level Output 

tpHL Propagation Delay Time, 15 
High-to-Low Level Output 

tw Width of Clock Pulse, 
High or Low Level 

tserup | SotupTime | daa | | | 


Word Select | | 10 | to 
tyro | HoldTime | data | | 2 | 
WordSelect | | -2 | oo 


AC Electrical Characteristics c, =50 pr, t,=t;=6 ns 


54HC/74HC 74HC 54HC 
Symbol Parameter Ta=25°C Ta= — 40 to 85°C | Ta = —55 to 125°C | Units 
75 


tPLH Propagation Delay Time 2.0V 185 231 278 
Low-to-High Level 4.5V] 25 37 46 56 
Output 6.0V 39 47 


20 31 
tPHL Propagation Delay Time 2.0V] 75 185 
High-to-Low Level 4.5V |] 25 37 46 56 
Output 6.0V} 20 31 39 47 
35 80 


tw Width of Clock Pulse 
High or Low Level 


2.0V 
4.5V 20 24 
6.0V 18 


2.0V 95 
4.5V 19 
6.0V 16 


ine) 
— 


trHL, ttLH | Maximum Output Rise 
and Fall Time 


_ —_ el 
Word 
Select 2.0V 
4.5V 
6.0V 





25 
21 


= NO 
oOo Mw 


rm © 
ao 


2.0V 
4.5V 
6.0V 


tHoLD Hold Time | 2.0V 
Word 
Select 


4.5V 
Cpp Power Dissipation 
Capacitance (Note 5) 


6.0V 
Cin Maximum Input 
Capacitance pF 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc2 + Icc Vcc, and the no load dynamic current consumption, Is = Cpp Vecf + 
Ioc. 


pF 


ah 
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86ZOHPZWIN/86Z20HPSWN 


MM54HC298/MM74HC298 


Typical Applications 


Figure 7 illustrates a BCD shift register that will shift an en- 
tire 4-bit BCD digit in one clock pulse. 


When the word select input is high and the registers are 
clocked, the contents of Register 1 is transferred (shifted) to 
Register 2, etc. In effect, the BCD digits are shifted one 
position. in addition, this application retains a parallel-load 
capability which means that new BCD data can be entered 
into the entire register with one clock pulse. This arrange- 
ment can be modified to perform the shifting of binary data 
for any number of bit locations. 


PARALLEL LOAD 


B2 HC298 Op 
c1 REG 1 


Another function that can be implemented with the 
MM54HC298/MM74HC298 is a register that can be de- 
signed specifically for supporting multiplier or division opera- 
tions. Figure 2 is an example of a one place/two place shift 
register. 


When word select is low and the register is clocked, the 
outputs of the arithmetic/logic units (ALU’s) are shifted one 
place. When word select is high and the registers are 
clocked, the data is shifted two places. 


: ect eet ee . 


Al A2 B1 B2 C1 C2 D1 D2 
OP CLOCK HC298 ws 


Qn Om Qc 


TL/F/5334-3 


Ail A2 B81 B2 C1 C2 D1 D2 


CLOCK HC298 ws 


Qa Qg Qc Qp 


WORD 
SELECT 


TL/F/5334-4 


FIGURE 2 
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National 
Semiconductor 


MM54HC299/MM74HC299 


8-Bit TRI-STATE® Universal Shift Register 


General Description 


This 8-bit TRI-STATE shift/storage register utilizes advanced 
silicon-gate CMOS technology. Along with the low power 
consumption and high noise immunity of standard CMOS 
integrated circuits, it has the ability to drive 15 LS-TTL 
loads. This circuit also features operating speeds compara- 
ble to the equivalent low power Schottky device. 


The MM54HC299/MM74HC299 features multiplexed in- 
puts/outputs to achieve full 8-bit data handling in a single 
20-pin package. Due to the large output drive capability and 
TRI-STATE feature, this device is ideally suited for interfac- 
ing with bus lines in a bus oriented system. 


Two function select inputs and two output control inputs are 
used to choose the mode of operation as listed in the func- 
tion table. Synchronous paralle! loading is accomplished by 
taking both function select lines SO and $1 high. This places 
the TRI-STATE outputs in a high impedance state, which 


Connection Diagram 


permits data applied to the input/output lines to be clocked 
into the register. Reading out of the register can be done 
while the outputs are enabled in any mode. A direct overrid- 
ing CLEAR input is provided to clear the register whether 
the outputs are enabled or disabled. 

The 54HC/74HC logic family is functionally as well as pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

m@ Typical operating frequency 40 MHz 

@ Typical propagation delay: 20 ns 

m Low quiescent current: 80 »A maximum (74HC) 
m@ High output drive for bus applications 

@ Low quiescent current: 1 »A maximum 


Dual-In-Line Package 


SHIFT 
LEFT 
St = Qn’ 


SHIFT 
RIGHT 


H/Q4 F/Q¢ 0/Qp .B/Og CLOCK SR 





G/Og E/Qg C/Oc A/Q, Ga CLEAR 


SO 
1 2 3 4 5 6 7 8 9 


Gi «2 
ee 
OUTPUT 
CONTROLS 


G/Qg £/Q¢ C/Qc¢ A/Qa Qa’ CLEAR GND 


TOP VIEW 


TL/F/5207-1 


Order Number MM54HC299* or MM74HC299* 


*Please look into Section 8, Appendix D for availability of various package types. 
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6620HPZWIW/6620HPSAIN 


MM54HC299/MM74HC299 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions | 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vins Vout) . 
DC Input Voltage (Vin) —1.5 to Voc+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V -MM74HC 
Clamp Diode Current (Icp) +20 mA MM54HC 
DC Output Current, per pin (lout) £25 mA (Qa, Qy) Input Rise or Fall Times 
+35 mA (others) (t,t)  Voc=2.0V 

DC Vcc or GND Current, per pin (icc) +70 mA Voc=4.5V 
Storage Temperature Range (Tsta) —65°C to + 150°C Voc =6.0V 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O, Package only 500 mw 
Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


| Tanase | =25°C eee 54HC 
Parameter Conditions ae Pee = —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 
Minimum High Level Input soy 
Voltage 4.5V 
6.0V 
Maximum Low Level Input 2.0V 0.5 
Voltage** 4.5V 1.35 
6.0V 1.8 


Minimum High Level Vin= Vin or Vit 

Output Voltage lout] <20 pA 2.0V | 2.0] 1.9 1.9 
4.5V | 4.5 4.4 
6.0V | 6.0 5.9 


4.4 
5.9 
Qa: & Quy Outputs Vin= Vin OF Vi. 
llout| <4.0 mA 4.5V | 4.2 | 3.98 3.84 
5.48 


llouT|<5.2mA . | 6.0V| 5.7 


A/Qa thru H/Qy Outputs: Vin = Vin or Vit 
llout|<6.0 mA 4.5V | 4.2 
llout| <7.8 mA 6.0V | 5.7 


Maximum Low Level Vin= Vin or Vic 

Output Voltage llourl<20 pA 2.0V 
4.5V 
6.0V 


5.34 


<<<j<<<j<cc< 


Qa’ and Qy; Outputs Vin= Vin or Vic 
llout| <4 mA 4.5V 
llour| <5.2 mA 6.0V 


A/Qa thru H/Qy Outputs Vin= Vin Or ViL 
llour| <6 mA 4.5V 
——— 6.0V 


Maximum TRI-STATE Output | Voyt=Vcc or 6.0V +0.5 +0.5 +1.0 
Leakage Currrent G= 

Maximum Quiescent Supply | Vin=Vcc or GND | 6.0V 160 
Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V +10% the worst-case output voltages (Voy, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case Vjy and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst-case leakage current (In, 
Ioc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

** Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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AC Electrical Characteristics Vcoc=5v, T,=25°C, t,=t;=6 ns, C.=45 pF 


fax Maximum Operating 40 MHz 
Frequency 
tpHL, tpty Maximum Propagation 
Delay, Clock to Qa: or Qy 
teHL Maximum Propagation 40 
Delay, Clear to Qa: or Qu: 
tepHL, tpLH Maximum Propagation CL=45 pF 
Delay, Clock to Qa-Qy 
tPHL Maximum Propagation CL_=45 pF 40 
Delay, Clear to Qa-Qy 
tpz., tpzH Maximum Enable Time Cy. = 45 pF 35 
Rp=1ka 
tpyz, tpLz Maximum Disable Time CL=5 pF 25 
Rp=1k0 
MinimumSetup | Select | | | 20s 
ae ee ae ee ee 
MinimumHold | Select | | | ts 
ms rr ee 
rt ae ae 


Minimum Pulse Width 
Clear Removal Time fe atl 


AC Electrical Characteristics c,=50 pr, aan ns unless otherwise specified 


ta=26 | ain een 54HC 
Parameter Conditions on een = —40 to 85°C | Ta= —55 to 125°C |: Units 
ltyp| ss GuaranteedLimits =i Guaranteed Limits 


Maximum Operating Frequency 


tpHL;, tpLH | Maximum Propagation 
Delay, Clock to Qa: or Qu: 


Maximum Propagation 
Delay, Clear to Qa or Qy: 


tpHL, tpLy | Maximum Propagation 
Delay, Clock to Qa-Qy 


Maximum Propagation CL=50pF | 2.0V | 70. |} 200 

Delay, Clear to Qa-Qy CL_=150 pF | 2.0V | 110 | 236 
CL=50pF | 4.5V} 30 
C_=150 pF | 4.5V | 37 fe 
CL=50pF | 6.0V 38 46 52 
C_=150 pF | 6.0V 46 57 64 
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66Z2DHPZWW/6620HPSININ 


MM54HC299/MM74HC299 


AC Electrical Characteristic (continued) CL =50 pF, t,=ty=6 ns unless otherwise specified 


Ta =25°C 74HC 54HC 
Symbol Parameter A ~ 1Ta=—40 to 85°C! Ta = — 55 to 125°C| Units 
Guaranteed Limits 
tp2H, tpz_| Maximum Output Enable 
70 | 160 200 
90 | 220 275 
tpyz, tp_z| Maximum Output Disable Time} R, = 1 kN 70 | 160 
CL =50 pF 22 
19 


28 

Minimum Setup Time, 2.0V 100 
Data Select S, or Sp 4.5V 20 

6.0V 
Minimum Hold Time, 2.0V 
Data Select S, or Sp 

tREM Minimum Clear Removal Time i 

Minimum Pulse Width, - 2.0V oa, 
Clock and Clear 4.5V 

6.0V 


tr, te Maximum Input Rise 2.0V 1000 
and Fall Time a ay 500 


400 


ttHL> trLH| Maximum Output Rise 
and Fall Time, Clock 
Cpp Power Dissipation Outputs al 240 
Capacitance Outputs Disabled 110 
Cin Maximum Input Capacitance 10 
Capacitance 
Court Maximum TRI-STATE 15 
Output Capacitance 
Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+lcoc Voc, and the no load dynamic current consumption, 
s=Cpp Voc f+ Ice. 


Function Table 


Inputs/Outputs Outputs 


Function| Output 
Select | Control Serial |A/Qq B/Qg C/Q¢ D/Qp E/Qg F/Qp G/Qg H/Qy| Qy 
—{$1_so {Gi st G2t SL SR 


L X X 
X X X 


HPSS R TEE 2feecss oe 
Xx L_j|LorH| X X sae Qpo Qco Qpo Qe0 Oro Ago Qno |Qao 
‘ A H X H Qan QBn Qcn Qpn Qen QAFn QGn 
Shift Left : H X = Qcn Qpn Qen OFn QGn Qn ‘ Qsn 

LX ee sen on es “a “as te 
H fe ilt i} EE ee oh oh oe oh Be oe 


tWhen one or both controls are high the eight input/output terminals are disabled to the high-impedance state; however, sequential operation or clearing of 
the register is not affected. 
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Logic Diagram 


SHIFT 1_P 


DEMUX ali 


a ws ie 
| ie 


oo 


DEMUX t 


=e 


(tater 


Pa 
ye . 


Te a] 
DEMUX ne 
pa SL att fs 


Ht ea 


so ee He 
ie igs ry 


TL/F/5207-2 
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66ZOHPZININ/6620HPSWN 


MM54HC354/MM74HC354/MM54HC356/MM74HC356 


National — 
Semiconductor 


MM54HC354/MM74HC354/ 
MM54HC356/MM74HC356 


8-Channel TRI-STATE® Multiplexers with Latches 


General Description 


The MM54HC354/MM74HC354 and MM54HC356/ 
MM74HC356 utilize advanced silicon-gate CMOS technolo- 
gy. They exhibit the high noise immunity and low power dis- 
sipation of standard CMOS integrated circuits, along with 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga- 
nized system. 


These data selectors/multiplexers contain full on-chip bina- 
ry decoding to select one of eight data sources. The data 
select address is stored in transparent latches that are en- 
abled by a low level address on pin 11, SC. Data on the 8 
input lines is stored in a parallel input/output register which 
in the MM54HC3854/MM74HC354 is composed of 8 trans- 
parent latches enabled by a low level on pin 9, DC, and in 
the MM54HC356/MM74HC356 is composed of 8 edge-trig- 
gered flip-flops, clocked by a low to high transition on pin 9, 
CLK. Both true (Y) and complementary (W) TRI-STATE out- 
puts are available on both devices. 


Connection Diagram 


The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS-TTL logic fam- 
ily. All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 
@ Transparent latches on data select inputs 
@ Choice of data registers: 
Transparent ('354) 
Edge-triggered (’356) 
m TRI-STATE complementary outputs with fanout 
of 15 LS-TTL loads 
m Typical propagation delay: 
Data to output (’354): 32 ns 
Clock to output (’346): 35 ns 
m Wide power supply range: 2V-6V 
m Low quiescent supply current: 80 nA maximum 
@ Low input current: 1 wA maximum 


Dual-In-Line Package 


OUTPUT 
ENABLES 


OUTPUTS 


SELECT (SC) 


———— SELECT 


S1 $2 CONTROL 


DATA REGISTER e 
oi || 
1 2 3 4 5 6 7 


D7 «6066 60Ssi4#SsCiOD 


DATA 
INPUTS 


D2 01 DO DATA GND 
CONTROL/ 
CLOCK 


(DC/CLK) 


TL/F/5208-1 


Top View 
Order Number MM54HC354/356* or MM74HC354/356* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 

Supply Voltage (Vcc) —0.5V to +7.0V (Vin, Vout) 

DC Input Voltage (Vij) —1.5V to Voc t 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5V to Vogt 0.5V MM74HC —40 
Clamp Diode Current (I¢p) +20 mA Meine . a 
DC Output Current, per pin (lout) +35 mA Input Rise ea ee 

DC Vcc or GND Current, per pin (icc) +70 mA tte Voce 4.5V 

Storage Temperature Range (Tst«g) —65°C to + 150°C Voc=6.0V 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


54HC 
Parameter Ta= —40 to 85°C | Ta = — 55 to 125°C | Units 


Guaranteed Limits , 


9SEOHPZWIW/SSEDHPSWIN/PSEOHPZININ/PSEOHPSININ 


Minimum High Level Input ; 1.5 
Voltage : 3.15 
4.2 


Maximum Low Level Input ‘ 0.5 
Voltage** F 1.35 
1.8 


Minimum High Level Output | Vin=Vipy or Vit 

Voltage lloutl<20 pA . ‘ 1.9 
4.4 
5.9 


ViIN= Vin OF Vit 
[lout] <6.0 mA . : 3.84 
lout] <7.8 mA : : 5.34 


Maximum Low Level Output | Vin=Viq or Vit 
Voltage llout| <20 pA 


Vin = Vin oF VIL 
llout| <6.0 mA 
llout| <7.8 mA 


Maximum Input Current Vin= Vcc or GND +0.1 £1.0 +1.0 
Maximum TRI-STATE Output | VoutT= Vcc or GND 

Leakage Current G1=Vin 6.0V +0.5 +5.0 +10 
Maximum Quiescent Supply | Vin=VccorGND | 6.0V 160 

Current louT=0 pA 


Note 1; Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi and V\_ occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, Icc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vic limits are currently tested at 20% of Voc. The above Vi_ specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC354/MM74HC354/MM54HC356/MM74HC356 


AC Electrical Characteristics voc=5v, T,=25°C, t,=t=6ns 
MM54HC354/MM74HC354 


teHL, tpLH Maximum Propagation CL=45pF 46 ns 
Delay DO-D7 to either Output 
teHL tPLH Maximum Propagation CL=45 pF 
Delay DC to either Output 
tpHi, tpt Maximum Propagation C_=45 pF 
Delay SO-S2 to either Output 
tpHe tpLH Maximum Propagation C_=45 pF 
Delay SC to either Output , 
tpzH, tpzi Maximum Output Enable Time ie 1ka . 
= 45 pF 
tpyz, tpLz Maximum Output Disable Time ae 1ko 
C.=5 pF 
ts Minimum Setup Time 
DO-D7 to DC, SO-S2 to SC 
ty Minimum Hold Time 
DO-D7 to DC, SO-S2 to SC 


tw Minimum Pulse Width, SC or DC hee fe eee eee 


MM54HC356/MM74HC356 


tpHt, tpLH Maximum Propagation C= 45 pF 
Delay CLK to either Output 
tpHL, tpLH Maximum Propagation C. =45 pF 40 
Delay SO-S2 to either Output 
tpHL tpLH Maximum Propagation C_=45 pF 
Delay SC to either Output , 
tpzH, tpzc Maximum Output Enable Time Ru=1 ko 17 
Cy, = 45 pF 
tpyz, tpLz Maximum Output Disable Time RL=1kQ- 
C.=5 pF 
Minimum Gehl Time 
DO-D7 to CLK, SO-S2 to SC 
Minimum Hold Time 
DO-D7 to CLK, SO-S2 to SC 


Minimum Pulse Width, SCorclk | | 1 | 15 | 
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AC Electrical Characteristics mms4Hc354/mM74HC354 (Continued) 
Voc=2.0-6.0V, C, =50 pF, t-=ts=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Symbol Parameter pS = —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 
tpu_, tpLH | Maximum Propagation CL=50pF . 235 294 352 
Delay DO-D7 to either Output | C_=150 pF 1 275 344 412 
CL=50 pF 4.5V 59 th 
CL= 150 pF 4.5V 68 
CL =50 pF 6.0V | 26 | 40 
CL = 150 pF 6.0V | 32 | 46 
teu, tpLH | Maximum Propagation C. = 50 pF 2.0V | 115 | 270 337 405 
Delay DC to either Output C_= 150 pF 2.0V | 125 | 310 387 465 
CL=50 pF 4.5V| 40 | 54 68 82 
CL=150pF | 4.5V] 46 | 62 78 93 
CL=50 pF 6.0V | 32 | 46 58 69 
C= 150 pF 6.0V | 38 | 52 66 78 
tpH_, tpLy | Maximum Propagation CL=50 pF 2.0V | 120 | 285 356 427 
Delay SO-S2 to either Output C= 150 pF 2.0V | 130 | 325 406 488 
CL=50 pF 4.5V | 42 | 57 71 86 
CL= 150 pF 4.5V | 50 | 65 81 97 
CL=50 pF 6.0V | 34 | 48 60 72 
CL= 150 pF 6.0V | 40 | 55 69 82 
tpHL, tpLH | Maximum Propagation CL=50 pF 2.0V | 120 | 300 375 450 
Delay SC to either Output CL = 150 pF 2.0V | 110 | 340 425 510 
CL=50 pF 4.5V | 45 | 60 75 90 
CL=150pF | 4.5V} 52 | 68 85 102 
CL=50 pF 6.0V | 36 | 51 64 77 
CL = 150 pF 6.0V | 42 | 58 72 87 
tpzH, tpz_ | Maximum Output Enable Time | RL=1k2 
C_=50 pF 2.0V 125 156 188 
C_=150 pF 2.0V 165 206 248 
C_=50 pF 4.5V) 18 | 25 31 38 
Cy = 150 pF 4.5V | 25 | 33 41 49 
C= 50 pF 6.0V/ 15 | 21 26 32 
C._=150 pF 6.0V} 21 | 28 35 42 ; 
tpyz, tp_z | Maximum Output Disable Time | RL=1kQ 2.0V | 68 = 206 248 
C_=50 pF 4.5V | 24 
6.0V | 20 
ts Minimum Setup Time | 2.0V 
DO-D7 to DC, SO-S2 to SC 4.5V 
6.0V 
Minimum Hold Time ne 2.0V 
DO-D7 to DC, S0-S2 to SC 4.5V 
6.0V 


Minimum Pulse Width 2.0V 100 120 
SC or DC 4.5V 20 24 
6.0V 18 20 


tri, trHL | Maximum Output Rise CL= 50 pF 2.0V . 75 90 
and Fall Time 4.5V 15 18 
6.0V 13 15 





Power Dissipation Capacitance | (per package) 
(Note 5) Active ve 
TRI-STATE 


Cin Maximum Input Capacitance ee eR 
Cour___| Maximum Output Capacitance Se ae 2 A a 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcoc2 f+ coc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+ Ic. 
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9SEOHPZWIN/SSEDHPSWIN/PSEOHPZININ/PSEOHPSWN 


MM54HC354/MM74HC354/MM54HC356/MM74HC356 


AC Electrical Characteristics mms4Hc356/mm74HC356 (Continued) 
Voc = 2.0-6.0V, C_=50 pF, tp=ts=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Symbol Parameter Conditions es Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 
tpHL, tpt | Maximum Propagation CL =50 pF 2.0V | 100 | 225 318 338 
Delay CLK to either Output CL=150pF | 2.0V| 110] 295 369 442 
C_=50 pF 4.5V | 36 63 76 
CL=150pF | 4.5V| 42 73 90 
C_=50 pF 6.0V} 28 | 43 64 
CL=150pF | 6.0V} 34 | 50 75 
tpHL, tpLH | Maximum Propagation CL=50 pF 2.0V | 120 356 427 
Delay SO-S2 to either Output | CL=150pF | 2.0V]| 130 406 488 
C.=50 pF 4.5V| 42 | 57 71 86 
CL=150pF | 4.5V| 50 | 65 81 97 
C= 50 pF 6.0V | 34 | 48 60 72 
C_=150pF |6.0V] 40 |. 55 | - 69 82 
tpHL tpLH | Maximum Propagation C= 50 pF 2.0V | 120 | 300 375 
Delay SC to either Output C= 150 pF 2.0V | 110 | 340 425 
CL =50 pF 4.5V| 45 | 60 75 
CL=150pF | 4.5V| 52 | 68 85 
C.=50 pF 6.0V} 36 | 51 64 77 
CL=150pF |6.0V] 42 | 58 72 _ 87 
tpzH, tpz_ | Maximum Output Enable Time | RL=1kQ 
C= 50 pF 2.0V 125 156 188 
CL=150pF | 2.0V 165 206 248 
C= 50 pF 4.5V 31 38 
CL=150 pF | 4.5V 41 49 
C_=50 pF 6.0V] 15 | 21 
CL=150pF |6.0Vj 21 28 
tpHz, tp_z | Maximum Output Disable Time 2.0V | 68 
4.5V | 24 
6.0V | 20 
50 


ts Minimum Setup Time 
DO-D7 to CLK, S0-S2 to SC 





tH Minimum Hold Time ae 
DO-D7 to CLK, SO-S2 to SC 


tw Minimum Pulse Width 
SC to CLK 4.5V 
6.0V 


tr, te Maximum Clock Input 2.0V 1000 
Rise and Fall Time 4.5V 500 
6.0V 400 
trLH, ttHL | Maximum Output Rise CL=50 pF 2.0V | 25 
and Fall Time 45V} 7 
6.0V| 6 


Cpp Power Dissipation Capacitance | (per package) 
(Note 5) Active 
TRI-STATE 


Cour | Maximum Output Capacitance || 1s | 20 [2 [ao + 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+!cc Voc, and the no load dynamic current consumption, lg =Cpp Voc f+Icc. 
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Function Table 


Data 
Selectt Control Clock Output 
’HC354 "HC356 Enables 


oO 
NNN 


laigial 


Ges ERD eS COs Seca Sm TR oe po ae coll nee ec Ge. a a 
TteTtTIirrereereatTtrtrrrewreKexKxK 
DToreroeitiTtirreitrtrreitirierr KK KK 
DBMretirtdrtrtritiritirirxKxx*K x 
mel Sa ace eee ce ec a a oe eal sa ee coed a a en Ge Ga 
Cmroeroermrrerr errr errr ew Kr x 
GrrrrTrTirwTwzr7Ts7~r~r7rz7arTw7~1az7TT7Tiréz° x 


H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any input, including transitions) 
Z = high-impedance state (off state) 

T = transition from low to high level 


DO...D7 = the level steady-state inputs at inputs DO through D7, respectively, at the time of the low-to- 
high clock transition in the case of 'HC356 


D0,...D7, = the level of steady state inputs at inputs DO through 07, respectively, before the most 
recent low-to-high transition of data control or clock. 


+This column shows the input address set-up with SC low. 
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9SEOHPZWIN/9SEDHPSINW/PSEDHPZWIN/PSEOHPSINN 


MM54HC354/MM74HC354/MM54HC356/MM74HC356 


Logic Diagram 


a 


"HC354 
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TL/F/5208~2 





Logic Diagram 


| jo >O 


'HC356 
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TL/F/5208-3 





9SEDHPZININ/SSEOHPSWIN/PSEOHPZWW/PSEOHPSHIN 


MM54HC365/MM54HC366/MM54HC367/MM54HC368/MM74HC365/MM74HC366/MM74HC367/MM74HC368 


National - 
Semiconductor 


MM54HC365/MM74HC365 Hex TRI-STATE® Buffer 
MM54HC366/MM74HC366 Inverting Hex TRI-STATE Buffer 
MM54HC367/MM74HC367 Hex TRI-STATE Buffer 
MM54HC368/MM74HC368 Inverting Hex TRI-STATE Buffer 


General Description 


These TRI-STATE buffers are general purpose high speed 
inverting and non-inverting buffers that utilize advanced sili- 
con-gate CMOS technology. They have high drive current 
outputs which enable high speed operation even when driv- 
ing large bus capacitances. These circuits possess the low 
power dissipation of CMOS circuitry, yet have speeds com- 
parable to low power Schottky TTL circuits. All 4 circuits are 
capable of driving up to 15 low power Schottky inputs. 


The MM54/74HC366 and the MM54/74HC368 are inverting 
buffers, where as the MM54/74HC365 and the MM54/ 
74HC367 are non-inverting buffers. The MM54/74HC365 
and the MM54/74HC366 have two TRI-STATE control in- 


_ puts (GT and G2) which are NORed together to control all 


Connection Diagrams 
2 


Vcc 62 AG Y6 AS 


Gi Al v1 A2 Y2 A3 Y3 GND 
TL/F/5209-1 
Order Number MM54HC365* or MM74HC365* 


G2 AG Y6 AS YS Aa Y4 


a2 Y2 A3 Y3 GND 


TL/F/5209-3 


Order Number MM54HC367* or MM74HC367* 


six gates. The MM54/74HC367 and the MM54/74HC368 
also have two output enables, but one enable (G1) controls 
4 gates and the other (G2) controls the remaining 2 gates. 
All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

m Typical propagation delay: 15 ns 

m Wide operating voltage range: 2V-6V 

@ Low input current: 1 »A maximum 

m Low quiescent current: 80 »A maximum (74 Series) 
@ Output drive capability: 15 LS-TTL loads 


Dual-In-Line Packages/Top Views 


Y3 GND 


TL/F/5209-2 
Order Number MM54HC366* or MM74HC366* 


Gt Al 1 A2 Y2 A3 Y3 GND 
TL/F/5209-4 
Order Number MM54HC368* or MM74HC368* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage re) 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC —40 
Clamp Diode Current (Ii, lox) +20mA _ MMSAHC . =o2 
DC Output Current, per pin (lout) +35 mA Inpubhise Meetebieg 
DC Vcc or GND Current, per pin (Icc) +70 mA nt) ves 45 
Storage Temperature Range (Tsta) —65°C to + 150°C Vcc =6.0V 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


abe: 74HC 54HC 
Parameter Ta= Ta= —40 to 85°C | Ta = —55 to 125°C | Units 


Guaranteed Limits 


Minimum High Level Input : 1.5 1.5 

Voltage : 3.15 3.15 bee 
: 4, 4.2 4.2 
| ‘ 


2 

5 0.5 0.5 
1.35 1.35 1.35 
1.8 1.8 1.8 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output | Vin= Vip or Vit 

Voltage lloutl S20 pA : 2.0] 1.9 1.9 1.9 
4.5 : : 4.4 4.4 
6.0 5.9 


Vin= Vin OF ViL 
llouT| $6.0 mA : 4.2 3.84 3.7 
llout| <7.8 mA : 5.7 5.2 


Maximum Low Level Output | Vin =ViH or ViL 
Voltage Hlout| <20 pA 


Vin= Vin or Vit 
llout| <6.0 mA 0.26 0.4 
llout| <7.8 mA 0.26 0.33 ae 


Maximum Input Current Vin= Vcc or GND me | tO 0 
Maximum TRI-STATE Output | Voyt=Vcc or GND | 6.0V +0.5 +5.0 +10 
Leakage Current G=Vin 

Maximum Quiescent Supply | Vin=Vcc or GND 6.0V 160 

Current louT=0 pA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vg,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj} and Vi, occur at Vcc = §.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (li, Icc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi- limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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S89EOHPZLIN/Z9EOHPZWIN/S9EOHPZINW/S9EDHPZWIN/ 89EOHPSINW/Z9EDHPSWIN/S9EOHPSINW/S9ESDHPSW 


MM54HC365/MM54HC366/MM54HC367/MM54HC368/MM74HC365/MM74HC366/MM74HC367/MM74HC368 


AC Electrical Characteristics mus4Hc36e5/mmM74HC365 
Voc=5V, Ta= 25°C, tp =tk=6 ns 


[srt | rommew —_[ ane [| [| 
tpHL: tpLy | Maximum Propagation C_=45 pF 15 

Delay 
tpzH, tpz_ | Maximum Output Enable Rp=1ka2 40 

Time CL_=45 pF 


tpHz, tp_z | Maximum Output Disable | RL=1 kd 
Time 


AC Electrical Characteristics mussHcses/mm74Hc365 
Voc = 2.0-6.0V, C, =50 pF, t-=ts=6 ns (unless otherwise specified) 


Ta=25°C 74HC 
Parameter Aé Ta=—40to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 


tpHL, tpty | Maximum Propagation C_=50 pF 
Delay CL=150 pF 

C_=50 pF 
C_= 150 pF 

CL=50 pF 
CL= 150 pF 


tpzH, tpz_ | Maximum Output Enable 
Time 


tpHz, tpLz | Maximum Output Disable | RL =1k2 2.0V ey 
Time C_=50 pF 4.5V 55 
6.0V 46 
trHL ttLH | Maximum Output Rise C_L=50 pF 2.0V Le 
and Fall Time 4.5V 
6.0V 
Power Dissipation Any Enabled 
Capacitance (Note 5) A Input 
Any Disabled 
A Input 
Maximum Input 
Capacitance 
Maximum Output 20 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+ !cc Vcc, and the no load dynamic current consumption, ls=Cpp Voc f+ Ice. 


Truth Table 


"HC365 


| inputs | Output 
Gi AY 
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AC Electrical Characteristics (continued) MM54HC366/MM74HC366 
Voc=5V, Ta= 25°C, tp=t)=6 ns 


Guaranteed 
st [ras | Sais |r | OE | 

tpHL, tpLH | Maximum Propagation CL=45 pF 12 18 

Delay 
tpz_, tpz4 | Maximum Output Enable RLp=1ko 29 40 

Time C_=45 pF 
tpHz,tpLz | Maximum Output Disable | RL=1kN 36 

Time CL=5 pF 


AC Electrical Characteristics musaHc366/mm74HC366 
Vcc = 2.0-6.0V, CL =50 pF, t-=ts=6 ns (unless otherwise specified) 


T,=25°C 74HC 54HC 
Parameter Vec A Ta= —40 to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 


tpHL, tp_y | Maximum Propagation CL =50 pF ; 33 
Delay CL= 150 pF A 43 

CL =50 pF : 12 

C= 150 pF : 16 

C= 50 pF . 10 

C_=150 pF : 14 


tpzH, tpzL | Maximum Output Enable 
Time = : 90 
98 
31 
38 
25 
29 


tpHz, tpLz | Maximum Output Disable = 1kaQ 2.0V 
Time C_=50 pF 4.5V 
6.0V 
trHL trun | Maximum Output Rise C_=50 pF 2.0V 
and Fall Time 4.5V 12 15 18 
6.0V 10 13 15 
Power Dissipation Any Enabled 
Capacitance (Note 5) A Input 
Any Disabled 
A Input 
Maximum Input 
Capacitance 
Maximum Output 10 20 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+Icc Voc, and the no load dynamic current consumption, Ig =Cpp Vcc f+Icc. 


Truth Table 


*HC366 
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S9EOHPZININ/ Z9EDHPZWIN/99EDHPZININ/S9EOHPZINW/89EDHPSWIN/ Z9EDHPSWIN/99EOHPSININ/SSEDHPSW 


MM54HC365/MM54HC366/MM54HC367/MM54HC368/MM74HC365/MM74HC366/MM74HC367/MM74HC368 


AC Electrical Characteristics (Continued) MM54HC367/MM74HC367 
Voc= 5V, Ta= 25°C, tr=t;=6 ns 


tpHL: tpLH | Maximum Propagation C._=45 pF 
Delay 
tpz:, tpzH Maximum Output Enable RL=1kQ 37 
Time CL=45 pF 
tpHz, tp_z | Maximum Output Disable | Rp=1k0 
Time CL=5 pF 


AC Electrical Characteristics mms4Hc367/MmM74HC367 
Voc= 2.0-6.0V, C_=50 pF, t-=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Symbol Parameter Conditions AX Ta=—40 to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 


tpHL, tpLH | Maximum Propagation C= 50 pF on 
Delay CL = 150 pF . 45 
C_=50 pF ; 14 
C, = 150 pF : 17 
CL =50 pF : 11 
C_L=150 pF : 15 
tpzH, tpz_ | Maximum Output Enable | RL=1k2 
Time C_=50 pF ; 69 
C_=150 pF ; 75 
C= 50 pF : 24 
CL= 150 pF : 29 
C_=50 pF . 22 
C_= 150 pF 26 


tpHz, tpLz | Maximum Output Disable } RL =1 ko 2.0V Z 
Time C,_=50 pF 4.5V 
6.0V 
tTHL trLH | Maximum Output Rise CL=50 pF 2.0V es 
and Fall Time 4,5V 
6.0V 
Power Dissipation Any Enabled 
Capacitance (Note 5) A Input 
Any Disabled 
A Input 
Maximum Input 
Capacitance : 
Maximum Output 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+ loc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ loc. 


Truth Table 


"HC367 
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AC Electrical Characteristics (Continued) MM54HC368/MM74HC368 
Voco= 5V, Ta= 25°C, tp-=ty=6 ns 


tpHL. tpLH | Maximum Propagation CL =45 pF 18 
Delay 

tpz._, tpzH | Maximum Output Enable RL=1k 37 
Time CL=45 pF 

tpHz,tp_z | Maximum Output Disable | RL=1k2 
Time Ci =5 pF 


AC Electrical Characteristics mus4Hc3e8/mm74Hc368 
Voc = 2.0-6.0V, C_=50 pF, t= tr=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Conditions | Vcc A Ta= —40 to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 


tpHL, tp_H | Maximum Propagation C,=50 pF : 33 
Delay CL=150 pF : 43 
C_L=50 pF ; 12 
CL=150 pF : 16 
C_=50 pF : 10 
C_=150 pF f 14 
tpzH, tpzL | Maximum Output Enable | RL=1kN 
Time CL=50 pF E 69 
C_= 150 pF : 75 
C_=50 pF ; 24 
C_=150 pF : 29 
C_=50 pF : 22 
C_=150 pF 26 


tpHz, tp_z | Maximum Output Disable | Ry =1kO 2.0V 1 An 
Time C,_=50 pF 4.5V 
6.0V 
trHL, ttLy | Maximum Output Rise C_=50 pF 2.0V = i: 
and Fall Time 4.5V 
6.0V 
Power Dissipation Any Enabled 
Capacitance (Note 5) A Input 
Any Disabled 
A Input 
Maximum Input 
Capacitance 
Maximum Input 20 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+Ioc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ Icc. 


Truth Table 


"HC368 
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S9EOHPZWIW/Z9IEOHPZNIN/99EDHPZWIN/S9EDHPZINW/89EOHPSWIN/Z9EDHPSWIN/S9SEDHPSWIN/SSEDHPSWIN 


MM54HC365/MM54HC366/MM54HC367/MM54HC368/MM74HC365/MM74HC366/MM74HC367/MM74HC368 


Logic Diagrams 


MM54HC365/MM74HC365 


TO OTHER 
5 BUFFERS 
reowwxrv— 


TL/F/5209-5 


MM54HC367/MM74HC367 


TO OTHER 
BUFFERS 


TL/F/5209-7 
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MM54HC366/MM74HC366 


TO OTHER 
5 BUFFERS 


MM54HC368/MM74HC368 


TO OTHER 
BUFFERS 


TL/F/5209-6 


' TL/F/5209-8 





National © 
Semiconductor 


MM54HC373/MM74HC373 


TRI-STATE® Octal D-Type Latch 


General Description 


These high speed octal D-type latches utilize advanced sili- 
con-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the TRI- 
STATE feature, these devices are ideally suited for interfac- 
ing with bus lines in a bus organized system. 


When the LATCH ENABLE input is high, the Q outputs will 
follow the D inputs. When the LATCH ENABLE goes low, 
data at the D inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL input, all outputs go to 
a high impedance state, regardless of what signals are pres- 


Connection Diagram 


ent at the other inputs and the state of the storage ele- 
ments. 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

m™ Typical propagation delay: 18 ns 

m Wide operating voltage range: 2 to 6 volts 

m= Low input current: 1 »A maximum 

m Low quiescent current: 80 pA maximum (74 Series) 
m@ Output drive capability: 15 LS-TTL loads 


Dual-In-Line Package 


OUTPUT 1Q 
CONTROL 


LATCH 
ENABLE 


TL/F/5335-1 


Top View 
Order Number MM54HC373* or MM74HC373* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Output Latch 373 
Control | Enable Output 
L H H 


L 


L 
L Qo 
H ' Z 





H = high level, L = Sow level 


Qo = level of output before steady-state input 
conditions were established. 


Z = high impedance 
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€ZEOHPZWIW/EZEOHFSININ 


MM54HC373/MM74HC373 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Iix, lox) +20 mA 
DC Output Current, per pin (Igyt) +35 mA 
DC Vcc or GND Current, per pin (Icc) +70mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mw 


260°C 
DC Electrical Characteristics 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF ViL 
lout] <20 2A 


Vin = Vin OF ViL 
llout| <6.0 mA 
lloyt! <7.8 mA 


Vin= Vin OF ViL 
lout] <20 pA 


Maximum Low Level 
Output Voltage 


Vin= Vin OF ViL 
llout| <6.0 mA 
lout] <7.8 mA 


a —— 7 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0v | 


4.5V 
6.0V 


4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


4.5V 
6.0V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin.VouT) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HCG 
Input Rise or Fall Times 
(t,t) = Vec=2.0V 
Voc =4.5V 
Voc =6.0V 


ee 54HC 
—40to ee Ta= —55 to 128°C | Units 


| GuaranteedLimits =| Limits 


1.5 
3.15 
4.2 


8 


Maximum Input Vin= Vcc or GND 6.0V +0.1 +1.0 +1.0 
Current 


Maximum TRI-STATE | Vin = ViH or Vi_, OC= Vin 
Vout= Vcc or GND 


Output Leakage 
Current 





a 


Maximum Quiescent | Vin=Vcoc or GND 6.0V 
Supply Current loyT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Voy.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Viy and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The V\} value at 5.5V is 3.85V.) The worst case leakage current (In, 
Icc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Vcc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcoc=5v, T,=25°C, t,=t=6 ns 


[| Parameter ——s|_Conditions_ | Typ | Guaranteed Limit 
teu tpLH Maximum Propagation Delay, Data to Q . 
tpHL, tpLy Maximum Propagation Delay, LE to Q 


tpzH, tpze Maximum Output Enable Time 


tpHz, tpiz Maximum Output Disable Time 


Minimum Set Up Time 


€ZEOHPZWWW/EZEOHPSIAIN 


Minimum Hold Time 
Minimum Pulse Width 


AC Electrical Characteristics Voc = 2.0-6.0V, C_ =50 pF, t, = ty=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Symbol Parameter Veco |_4 Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 
tpHL, tpLH | Maximum Propagation CL=50pF | 2.0V | 50 |} 150 188 225 
Delay, Data to Q C,=150 pF | 2.0V| 80 | 200 250 300 
CL=50pF } 4.5V] 22 | 30 
C,=150 pF | 4.5V | 30 | 40 
CL=50pF | 6.0V} 19 | 26 
C_=150 pF | 6.0V | 26 
tpHL, tpLH | Maximum Propagation CL=50pF | 2.0V] 63 75 
Delay, LE toQ C_=150 pF } 2.0V } 11 25 
CL=50pF | 4.5V] 2 5 
C, =150 pF | 4.5V] 3 5 
CL=50pF | 6.0V]} 21 30 
C_=150 pF | 6.0V | 28 | 39 
tpzH, tpzL | Maximum Output Enable Rp=1ka 
Time C_=50pF | 2.0V} 50 | 150 
C,_=150 pF | 2.0V} 80 | 200 
CL=50pF | 4.5V] 21 | 30 
C_=150 pF | 4.5V | 30 | 40 
CL=50pF | 6.0V|} 19 | 26 
CL=150 pF | 6.0V | 26 35 
tpyz, tpLz | Maximum Output Disable RL=1kn 2.0V | 50 | 150 
Time CL=50pF | 4.5V] 21 30 
6.0V | 19 26 
ts Minimum Set Up Time 2.0V 
4.5V 
6.0V 
ty Minimum Hold Time 2.0V 5 5 
4.5V 5 5 
6.0V 5 5 
tw Minimum Pulse Width 2.0V | 30 | 80 100 
4.5V |} 10 16 
6.0V 9 14 
trHL, ttt | Maximum Output Rise CL=50pF | 2.0V} 25 | 60 
and Fall Time 4.5V 7 12 
6.0V 6 10 
Cpp Power Dissipation (per !atch) 
Capacitance (Note 5) OC=Vcc 
OC=GND 


Cin Maximum Input Capacitance alia eee pF 
CoutT Maximum Output Capacitance Peas ae pF 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc? f+ Icc Vc, and the no load dynamic current consumption, ls = Cpp Voc f+ Icc. 
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MM54HC374/MM74HC374 


National © 
Semiconductor 


MM54HC374/MM74HC374 


TRI-STATE® Octal D-Type Flip-Flop 


General Description 


These high speed Octal D-Type Flip-Flops utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the TRI- 
STATE feature, these devices are ideally suited for interfac- 
ing with bus lines in a bus organized system. 


These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the setup and hold time requirements, 
are transferred to the Q outputs on positive going transitions 
of the CLOCK (CK) input. When a high logic level is applied 
to the OUTPUT CONTROL (OC) input, all outputs go to a 
high impedance state, regardless of what signals are pres- 
ent at the other inputs and the state of the storage ele- 
ments. 


Connection Diagram 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
interna! diode clamps to Vcc and ground. 


Features 

@ Typical propagation delay: 20 ns 

a Wide operating voltage range: 2-6V 

@ Low input current: 1 »A maximum 

m Low quiescent current: 80 nA maximum 
= Compatible with bus-oriented systems 
w@ Output drive capability: 15 LS-TTL loads 


Dual-In-Line Package 


72 


16 


— 
Ba 


6Q 60 


1 


Oe ee 
ats Y 


OuTPuT 10 
CONTROL 


TL/F/5336-1 


Top View 


Order Number MM54HC374* or MM74HC374* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Output 
Control 
L T 


H 


H = high Level, L = Low Level 
X = don't Care 

T = transition from low-to-high 
Z = high impedance state 


Qo= the level of the output before steady state 
input conditions were established 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 6 V 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc Vv 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin; Vout) 
DC Input Voltage (Vin) —1.5 to Veco + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Vog + 0.5V MM74HC —40 +85 °C 
Clamp Diode Current (Ik, lox) +20mA MPI ae Pies = 
DC Output Current, per pin (IoyT) +35mA a ' : ae y ae 1000 
DC Vcc or GND Current, per pin (loc) +70mA em Vee 45V 500 ai 
Storage Temperature Range (TsTq) —65°C to + 150°C Voc =6.0V 400 ns 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mw 
Lead Temp. (TL) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics 






















Parameter at 


Minimum High Level 2.0V 1.5 1.5 
Input Voltage 4.5V ’ 3 3.15 3.15 
, 6.0V 4.2 


2.0V 0.5 : 
4.5V : “ 1.35 1.35 
6.0V 1.8 


ata ese 74HC 54HC 
a’ =—40 to 85°C | Ta= —55to 125°C | Units 


Guaranteed Limits 




















Maximum Low Level 
Input Voltage** 






Minimum High Level Vin= Vin Or Vit 












Output Voltage llout| <20 pA 2.0V | 2.0 | 1.9 1.9 1.9 
4.5V| 45 |] 4.4 4.4 4.4 
6.0V | 6.0 | 5.9 5.9 5.9 
ViN= Vin oF Vit 
llout|<6.0 mA 4.5V | 4.2 | 3.98 3.84 
llout| <7.8 mA 6.0V | 5.7 














Maximum Low Level | Vin=Vjq or Vit 


Output Voltage llout|<20 pA 2.0V 0.1 0.1 
4.5V 5 4 ; 
6.0V 











Vin= Vin OF Vit 

\lout|<6.0 mA 4.5V os 0.26 0.33 

llout| <7.8 mA 6.0V 0.26 0.33 
Maximum Input Vin=Vcc or GND 6.0V +0.1 +1.0 £1.0 
Current 

Maximum TRI-STATE | Vin=ViH, OC=Viy_ | 6.0V +0.5 + 

Output Leakage Vout= Vcc or GND 

Current 
Maximum Quiescent | Vin=Vcc or GND 6.0V 160 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 










Note 3: Power Dissipation temperature derating — plastic ‘‘N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and VoL) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi and Vi_ occur at Vo¢= 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (In, Ioc, and 
toz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vic limits are currently tested at 20% of Vcc. The above Vj, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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pLEOHPZWW/PZEOHPSININ 


MM54HC374/MM74HC374 


AC Electrical Characteristics voc=5v, T,=25°C, t,=t;=6ns 


fax * Maximum Operating MHz 
Frequency 
tpH_, tpLH | Maximum Propagation C._=45 pF 
Delay Clock to Q 
tpzH, tpz_ | Maximum Output Enable RL= ko 
Time CL =45 pF 
tpHz, tp_z | Maximum Output Disable | RL= kO 
Tee —— 5 pF 


Minimum | Minimum Setup Time _| Time 


| | 20 | ne | 
ee 
[tw | Minimum Putsewidth | | oo | te ns 


AC Electrical Characteristics vo,=2.0-6.0Vv, C, =50 pF, t= t;=6 ns (unless otherwise specified) 
Symbol Parameter Conditions | Vcc a Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed Limits 
{MAX Maximum Operating - | CL =50 pF 2.0V 5 4 MHz 
Frequency 4.5V 24 20 MHz 
6.0V 28 23 MHz 
{PHL 'PLH Maximum Propagation C,_=50 pF 2.0V | 68 180 225 270 
Delay, Clock to Q CL=150 pF | 2.0V| 110 | 230 288 345 
C_=50 pF 4.5V 45 48 
C_=150 pF | 4.5V 57 69 
C_=50 pF 6.0V 31 46 
ein 150 pF | 6.0V 40 60 
tpzH, tpzL | Maximum Output Enable }RL=1ko | 1k 
‘Time C.=50pF | 20v]} 50 189 
CL=150pF | 2.0V | 80 250 
C_=50 pF 4.5V} 21 }. 30 37 45 
Ci =150pF | 4.5V | 30 40 50 60 
Leen) 50 pF 6.0V | 19 31 
Leen) 150 pF | 6.0V]} 26 44 
tpHz, tpLz pen Output Disable RL=1ko 2.0V | 50 | 150 189 225 
C.=50 pF 4.5V ) 21 30 
6.0V | 19 26 
ts Minimum Setup Time 2.0V 
4.5V 
6.0V 
ty Minimum Hold Time pf 
tw Minimum Pulse Width 
9 
: 8 
trot ttLH | Maximum Output Rise C,.=50 pF 2.0V | 25 75 90 
and Fall Time 45V | 7 12 15 18 
6.0V} 6 10 13 15 
t, ty Maximum Input Rise and 2.0V 1000 1000 1000 
Fall Time, Clock 4.5V 500 500 500 
6.0V 400 400 400 
Power Dissipation (per flip-flop) 
Capacitance (Note 5) OC=Vcc 
OC=GND 


Cy | Maximum inputCapacitance {|| 5 | 10 


Note 5: Cpp determines the no toad dynamic power consumption, Pp = Cpp Voc? f+ Icc Vcc, and the no load dynamic current consumption, ls =Cpp Vcc f+ !cc. 
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National — 
Semiconductor 


MM54HC390/MM74HC390 
Dual 4-Bit Decade Counter 
MM54HC393/MM74HC393 
Dual 4-Bit Binary Counter 


General Description 


These counter circuits contain independent ripple carry 
counters and utilize advanced silicon-gate CMOS technolo- 
gy. The MM54HC390/MM74HC3390 incorporate dual dec- 
ade counters, each composed of a divide-by-two and a di- 
vide-by-five counter. The divide-by-two and divide-by-five 
counters can be cascaded to form dual decade, dual bi-qui- 
nary, or various Combinations up to a single divide-by-100 
counter. The MM54HC393/MM74HC393 contain two 4-bit 
ripple carry binary counters, which can be cascaded to cre- 
ate a single divide-by-256 counter. 


Each of the two 4-bit counters is incremented on the high to 
low transition (negative edge) of the clock input, and each 
has an independent clear input. When clear is set high all 
four bits of each counter are set to a low level. This enables 
count truncation and allows the implementation of divide-by- 
N counter configurations. 


Each of the counters outputs can drive 10 low power 
Schottky TTL equivalent loads. These counters are func- 


Connection Diagrams 


Dual-In-Line Package 


2 OUTPUT OUIFUTS 


te 
Voc 2A CLEAR 20, 2B 20g 2Q¢ 20p 


1 10, 18 
CLEAR OUTPUT 


10g 1Q¢ 


OUTPUTS 


1Qp GND 


TL/F/5337-1 
Top View 


Order Number MM54HC390* or MM74HC390* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


tionally as well as pin equivalent to the 54LS390/74LS390 
and the 54LS393/74LS393, respectively. All inputs are pro- 
tected from damage due to static discharge by diodes to 
Vcc and ground. 


Features 

™ Typical operating frequency: 50 MHz 

m Typical propagation delay: 13 ns (Ck to Qa) 

m Wide operating supply voltage range: 2-6V 

m@ Low input current: <1 nA 

m@ Low quiescent supply current: 80 2A maximum 
(74HC Series) 

@ Fanout of 10 LS-TTL loads 


Dual-In-Line Package 
OUTPUTS 
2 ae 


Vcc 2A CLEAR 2Qq 20g 2Q¢ 20p 


1 10a 
CLEAR 


1Qp 1Q¢ 1Qp GNO 
OUTPUTS 
TL/F/5337-2 


Top View 
Order Number MM54HC393* or MM74HC393* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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E6EOHPZININ/E6EOHPSWIN/O6GEDHPZWIN/O6EOHPSWIN 


MM54HC390/MM74HC390/MM54HC393/MM74HC393 


Absolute Maximum Ratings (notes 1 & 2) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I}x, lox) 

DC Output Current, per pin (lout) 

DC Vcc or GND Current, per pin (tcc) 
Storage Temperature Range (Tsta) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T_) (Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Veo + 1.5V 
—0.5 to Veg + 0.5V 

+20mA 
+25mA 
+50 mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Symbol Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin = Vin OF Vit 
llout| <20 wA 


Vin= Vin oF Vit 
llout| <4.0 mA 
llout| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin oF ViL 
lout] <20 pA 


Vin= Vin OF ViL 
llout| <4.0 mA 
llout|<5.2 mA 


Maximum ah Vin=Vec or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Von, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj} and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Vcc. The above Vj, specification {30% of Vcc) will be implemented no later than Q1, CY'89. 
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Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vins Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Voc =4.5V 
Vcc=6.0V 


—40 
—55 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 


‘ ‘ 5.9 
3.98 3.84 3.7 
5.48 5.34 5.2 


0.1 
a 


1.9 
4.4 


0.1 
rh 


0.26 0.33 0.4 
0.26 0.33 0.4 


0.1 
5 





AC Electrical Characteristics mmssHcs90/mm74HC390 
Voc= BV, Ta= 28°C, CL= 15 pF, tr=t= 6 ns 


| Parameter | Conditions | Typ | Guaranteed Limit _| 

| Maximum@Operating Frequency, ClockAorB | | 0 (| 0 
tpi teun | Maximum Propagation Delay, ClockAtoQa Output | | 12 | 20 
ee 

(Qa Connected to Clock B) 

tpi teiy | Maximum Propagation Delay, ClockBtoQsordn_| | 15 | et 
tpi tein | MaximumPropagationDelay,ClockBtoQc |_| 20 | 

| Maximum Propagation Delay, CleartoanyOutput_ | | 18 28 

| Minimum RemovalTime,CleartoCiock | | 2 

| Minimum Pulse Width, ClearorClock |_| 10 


AC Electrical Characteristics c, =50 pr, t,==6 ns (unless otherwise specified) 


ere 74HC 54HC 
Symbol Parameter Conditions | Vec |__ 4 Ta= — 40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


16 


C6EDHPZWIN/E6EOHPSWIN/O6EDHPZINW/O6EOHPSWIN 


2.0V 
4.5V MHz 
6.0V MHz 


2.0V 120 ns 
4.5V 24 ns 
6.0V 21 ns 


fax Maximum Operating MHz 


5 
Frequency 27 
31 


= oe 
np — 
oa’ 


tpH_, tpLH | Maximum Propagation 
Delay, Clock A to Qa 


nN o 
oo 


tpHL, tpt | Maximum Propagation 100 } 290 ns 
Delay, Clock A to Qc 


(Qa Connected to Clock B) 


4.5V 


58 ns 
6.0V 50 ns 


yp 
35 

0 
50 ns 
16 26 ns 
13 ns 
60 ns 
20 ns 
17 ns 
55 


ns 
ns 
ns 


tpHL, tpLH | Maximum Propagation 
Delay, Clock B to Qg or 
Qp 


tpt, tpt | Maximum Propagation 
Delay, Clock B to Qc 


tPpHL Maximum Propagation 
17 
15 


Delay, Ciear to any Q 


tREM Minimum Removal Time 
Clear to Clock 


ns 
ns 
ns 


nm] w 
AA TK] o wo 


tw Minimum Pulse Width 
Clear or Clock 


a 
Oo 
foe] 
Oo 


ns 
ns 
ns 


— 
-& 


~“ 
o 


trHe trLH | Maximum Output Rise 
and Fail Time 


ns 
ns 
ns 


“a 
oo 


tr, t Maximum Input Rise 
and Fall Time 


ns 


pao 
oo 
oOo 


ns 
pF 





(x) = 
> oO 
oo 
oo 
—_ 
oO 
ak 
fo) 


Cpp Power Dissipation (per counter) 
Capacitance (Note 5) 


Cin Maximum Input Capacitance pF 
Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Vcc, and the no load dynamic current consumption, Is = Cpp Voc f+ Ioc. 
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MM54HC390/MM74HC390/MM54HC393/MM74HC393 


AC Electrical Characteristics mms4Hc393/mm74HC393 
Voc=5V, Ta= 25°C, C_=15 pF, t-=ts=6 ns 


[__Pavamater_ | Conaiions | typ | Guaranteed Lit 
 oimunOperaingremeny |< | 
Maximum Propagation Del, Ceartoarya |__| _16_| 

i ealtaee 
eee 


Minimum Removal Time 
Minimum Pulse Width Clear or Clock 


AC Electrical Characteristics c, =50 pr, t,=t;=6 ns (unless otherwise specified) 


a er 74HC 54HC 
Voc A Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Typ 


42 
28 
16 


Symbol Parameter 
~ Guaranteed Limits 


fax Maximum Operating 2.0V 
Frequency MHz 


MHz 
ns 


ns 
ns 


6.0V 
tpH_, tpLy | Maximum Propagation 2.0V 
Delay Clock A to Qa 


BS 
oi 
< 
—_ So 
onn 
2a 
— 


O 
ou 
<< 


[op] 
o 


tpHi, tpLy | Maximum Propagation 
Delay Clock A to Qg 


ns 
ns 
ns 


oO 
on 
<< 
mM 
ow 

ry) 

oo 


tpHL> tpLH | Maximum Propagation 
Delay Clock A to Qc 


ns 
ns 
ns 


oO oO 
oo 


is) 
o 
o 
= 


tpH_, tpLH | Maximum Propagation Delay ns 
Clock to Qp ns 
ns 


a 
on 
< 
im) 
a 
oo 
N 





[se] 
o 


tPHL Maximum Propagation 
Delay Clear to any Q 


ns 
ns 
ns 


tREM Minimum Clear Removal 
Time 


ns 
ns 
ns 


=- 4 oO 
Ook 
mlaAa 
ANG ly o 


Nh 
of. 


tw Minimum Pulse Width ns 
ns 


ns 


Clear or Clock 


trHL ttLH | Maximum Output Rise 
and Fall Time 


ns 
ns 
ns 


tr, ty Maximum Input Rise 
and Fall Time 


Cpp Power Dissipation (per counter) 
Capacitance (Note 5) 
Cin Maximum Input Capacitance he, | pF 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+ loc Vcc, and the no load dynamic current consumption, Is = Cpp Voc f+ Icc. 


ns 
ns 
ns 


pF 





42 


a 

_ 
oO 
—" 
i=) 

ho 

oO 

oo 
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Logic Timing Waveforms 


CLOCK A 


lol :t+t2] pads] e6] 7] 8] 9] of] 1] 12] i | wm] | o | 


CLEAR | | 


TL/F/5337-3 
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E6EOHPLNNW/E6EOHPSWIN/O6EOHPZWW/06E9DHPSIAW 


MM54HC423A/MM74HC423A 


National | 
Semiconductor 


MM54HC423A/MM74HC423A — 
Dual Retriggerable Monostable Multivibrator 


General Description 


The MM54/74HC423A high speed monostable multivibra- 
tors (one shots) utilize advanced silicon-gate CMOS tech- 
nology. They feature speeds comparable to low power 
Schottky TTL circuitry while retaining the low power and 
high noise immunity characteristic of CMOS circuits. 


Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The ’HC423A cannot 
be triggered from clear. 


The 'HC423A is retriggerable. That is, it may be triggered 
repeatedly while its outputs are generating a pulse and the 
pulse will be extended. 


Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 
put pulse equation is simply: PW= (RexT) (Cext); where PW 


Connection Diagram 


Dual-In-Line Package 


Rexts 





Al Bi OttRT (6s sa Q2 = Cexrz«sRextz = GND 
Cext 


TL/F/5338-1 
Top View 
Order Number MM54HC423A* or MM74HC423A* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 





is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Voc and ground. 


Features 

™ Typical propagation delay: 40 ns 

mw Wide power supply range: 2V-6V 

@ Low quiescent current: 80 pA maximum (74HC Series) 

@ Low input current: 1 2»A maximum 

m@ Fanout of 10 LS-TTL loads 

m Simple pulse width formula T = RC 

mw Wide pulse range: 400 ns to © (typ) 

m Part to part variation: +5% (typ) 

m Schmitt. Trigger A & B inputs allow infinite rise and fall 
times on these inputs 


Timing Component 


Vcc Note: Pin 6 and Pin 14 must be hard- 
wired to GND. 


Rext 
Cext 


TOCexr =  TOR/Cext 
TERMINAL TERMINAL 


TL/F/5338-2 


= High Level 

Low Level 

= Transition from Low to High 
= Transition from High to Low 
One High Level Pulse 

One Low Level Pulse 

= Irrelevant 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5V to +7.0V (Vin, Vout) 

DC Input Voltage (Vij) —1.5V to Voc t+ 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Voyt) —0.5V to Voc + 0.5V MM74HC 

Clamp Diode Current (Ix, lox) +20mA MMS4HC 

DC Output Current, per pin (lout)  +25mA Maximum {nput Rise and Fall Time 
DC Vcc or GND Current, per pin (icc) +50 mA (Clear Input) 

Storage Temperature Range (Tstg) —65°C to +150°C Voc= 2.0V 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


hues 74HC 54HC 
Ta=25°C | 7 400 85°C | Ta= —55 to 125°C 


DC Electrical Characteristics (note 4) 


Symbol Parameter Units 


Guaranteed Limits 


VECPOHPZWW/VECPOHPSAW 


VIH 


Vit 


Minimum High Level Input 


Voltage 


Maximum Low Level Input 


Voltage 


Minimum High Level 


Output Voltage 


Maximum Low Level 


Output Voltage 


Maximum Input Current Vin=Vcoc or GND | 5.0V 
(Pins 7, 15) 

Maximum Input Current Vin= Vcc or GND 
(all other pins) 

Maximum Quiescent Supply | Vin=Vcc or GN 
Current (standby) louT=0 pA 


Maximum Active Supply 


Current (per 
monostable) 


Vin= Vin OF ViL 
lout] s 20 pA 


Vin = Vin oF Vit 
llout|< 4.0 mA 
llout|< 5.2 mA 


Vin= Vin OF Vit 


llout| $20 pA 


Vin= Vin OF Vit 
lloutl <4 mA 
lloyt|<5.2 mA 


Vin= Vcc or GND 
R/Cext=0.5Vcc 





2.0V 
4.5V 
6.0V 


2,0V 
4.5V 
6.0V 


4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 1.5 
4.5V 3.15 
6.0V 4.2 


6.0 
4.5V 
6.0V 


2.0V] 3 
4.5V | 0.33 
6.0V |] 0.7 | 2 


0.3 
0.9 
1.2 


2.0 | 1.9 
45 | 4.4 


0.1 
0.1 


0. 
0.26 
0.26 
8 
1 


1 
5 
| 
0 
0 
.O 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation Temperature Derating: Plastic “‘N” Package: —12mW/°C from 65°C to 85°C Ceramic “J” Package: — 12mW/°C from 100°C to 125°C 
Note 4: For a power supply of 5V + 10% the worst-case output voltages (VoH, VoL) ozcur for HC at 4.5V. Thus the 4.5V values should be used when designing 


with this supply. Worst-case Vj, and Vj, occur at Voc = 5.5V and 4.5V respectively. (The Vij value at 5.5V is 3.85V.) The worst-case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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1.5 
3.15 
4.2 


0.3 
0.9 
1.2 


1.9 
4.4 


+1.0 


1.3 
2.6 





<<<j<c<< 


<<<c]j/<<cc 


<<<j<c<cc< 





MM54HC423A/MM74HC423A 


AC Electrical Characteristics vcc=sv, T,=25°C, C,=15 pF, t,=t;=6 ns 


Symbol Parameter Typ | Limit 
| Symbol | Parameter |_ Conditions| Typ | Limit | Units | 


teLH Maximum Trigger Propagation 
Delay, A, B toQ 


Maximum Trigger Propagation 


Delay, A,B toQ 


tpHL Maximum Propagation Delay, 27 
Clear toQ 
teLH Maximum Propagation Delay, 22 
Clear toQ 
Minimum Pulse Width, A, B or 14 
Clear 


ar Minimum ClearRemovalTime | | | 


Minimum Output Pulse Width Cext= 28 pF par 
EXT= 
twa Output Pulse Width CextT= 1000 pF pS 
Rext= 10 kn 


AC Electrical Characteristics c, =50 pF t,=t;=6 ns (Unless otherwise specified) 
Ta=25°C 74HC 54HC 
Symbol Parameter A Ta=—40 to 85°C | Ta = —55 to 125°C | Units 
Guaranteed Limits 
teLH Maximum Trigger Propagation 2.0V| 77 - 194 210 
Delay, A or B toQ 4.5V| 26 51 57 
6.0V| 21 39 44 
tpHL Maximum Trigger Propagation 2.0V be ‘229 250 
Delay, Aor B toQ 4.5V 60 ; 67 
6.0V as 46 51 
teu Maximum Propagation 2.0V 114 132 143 
Delay, Clear to Q 4.5V 34 41 45 
6.0V 28 33 36 
teLy Maximum Propagation 2.0V} 56 | 116 135 147 
Delay, Clear toQ 4.5V| 25 | 36 
6.0V} 20 | 29 
Minimum Pulse Width 2.0V\ 57 | 123 
A, B, Clear 4.5V| 17 
6.0V} 12 
Minimum Clear 
Removal Time 


Output Pulse Width Cext=0.1 pF 
RextT= 10 kd 


tTLH trHL | Maximum Output Rise 2.0V} 30 
and Fall Time 4.5V;) 8 15 19 22 
anne oe 7 13 16 19 
Power Dissipation 
Capacitance (Note 5) 
Cin Maximum Input 
Capacitance (Pins 7 & 15) 
Cin Maximum Input 10 10 
Capacitance (other inputs) 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f + Icc Voc, and the no load dynamic current consumption, Is = Cpp Vocf + 
loc. 
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Logic Diagram 


TL/F/5338-5 


Theory of Operation 


ae a a 


© POSITIVE EDGE TRIGGER ®@ POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING) 
@ NEGATIVE EDGE TRIGGER © RESET PULSE SHORTENING 
® POSITIVE EOGE TRIGGER 
TL/F/5338-6 


FIGURE 1 
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VECPOHPZWIN/VECPOHPSWIN 


MM54HC423A/MM74HC423A 


Theory of Operation (Ccontinueg) 


TRIGGER OPERATION 


As shown in Figure 7 and the logic diagram before an input 
trigger occurs, the one-shot is in the quiescent state with the 
Q output low, and the timing capacitor Cex; completely 
charged to Vcc. When the trigger input A goes from Vcc to 
GND (while inputs B and clear are held to Vcc) a valid trig- 
ger is recognized, which turns on comparator C1 and N- 
Channel transistor N1©. At the same time the output latch 
is set. With transistor N1 on, the capacitor Cexr7 rapidly dis- 
charges toward GND until Vaery is reached. At this point 
the output of comparator C1 changes state and transistor 


N1 turns off. Comparator C1 then turns off while at the © 


same time comparator C2 turns on. With transistor N1 off, 
the capacitor Cext begins to charge through the timing re- 
sistor, Rext, toward Vcc. When the voltage across Ceyt 
equals Vrer2, comparator C2 changes state causing the 
output latch to reset (Q goes low) while at the same time 
disabling comparator C2. This ends the timing cycle with the 
one-shot in the quiescent state, waiting for the next trigger. 


A valid trigger is also recognized when trigger input B goes 
from GND to Vcc (while input A is at GND and input clear is 
at Voc ®.) 


It should be noted that in the quiescent state Ceyz is fully 
charged to Vcc causing the current through resistor Rext to 
be zero. Both comparators are “off” with the total device 
current due only to reverse junction leakages. An added 
feature of the 'HC423A is that the output latch is set via the 
input trigger without regard to the capacitor voltage. Thus, 
propagation delay from trigger to Q is independent of the 
value of Cext, Rext, or the duty cycle of the input wave- 
form. 


RETRIGGER OPERATION 

The 'HC423A is retriggered if a valid trigger occurs @ fol- 
lowed by another trigger © before the Q output has re- 
turned to the quiescent (zero) state. Any retrigger, after the 
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timing node voltage at pin or has begun ‘to rise from VREF1, 
but has not yet reached Vrero, will cause an increase in 
output pulse width T. When a valid retrigger is initiated ©, 
the voltage at the R/Cexz pin will again drop to Vagr; be- 
fore progressing along the RC charging curve toward Vcc. 
The Q output will remain high until time T, after the last valid 
retrigger. 

Because the trigger-control circuit flip-flop resets shortly af- 
ter Cy has discharged to the reference voltage of the lower 
reference circuit, the minimum retrigger time, tr, is a function 
of internal propagation delays and the discharge time of Cy: 


187 565 + (0.256 Vcc) Cx - 
Voc — 0.7 (Vcc — 0.7)2 
Another removal/retrigger time occurs when a short clear 
pulse is used. Upon receipt of a clear, the one shot must 
charge the capacitor up to the upper trip point before the 
one shot is ready to receive the next trigger. This: time is 
dependent on the capacitor used and is approximately: 

640 
Vcc — 0.7 


522+ (0.3 Voc) Cx 
(Vcc — 0.7)2 


try = 196 + 


RESET OPERATION 


These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vcc by turning on transistor Q1 ©. When 
the voltage on the capacitor reaches Vpero, the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the Q and Q outputs of the output latch will not 
change. Since the Q output is reset when an input low level 
is detected on the Clear input, the output pulse T can be 
made significantly shorter than the minimum pulse width 
specification. 





Theory of Operation (Continued) 


Typical Output Pulse Width vs. Typical Distribution of Output Typical 1ms Pulse Width 
Timing Components Pulse Width, Part to Part Variation vs. Supply 


Ta=25°C 
4 F Revr =10 k2 
3 Ff Cexy =0.1 F 


VECPOHPZINW/VECPOHPSINN 


OUTPUT PULSE WIDTH (SECONDS) 
RELATIVE FREQUENCY OF OCCURRENCE 
PERCENT DEVIATION (%) 


0.01, 0.92 0.96 1.00 1.04 1.06 
TIMING CAPACITOR (F) OUTPUT PULSE WIDTH (ms) POWER SUPPLY (V) 
TL/F/5338-7 TL/F/5338-8 TL/F/5338-9 


Minimum Rexz vs. Typical 1ms Pulse Width 
Supply Voltage Variation vs. Temperature 


MINIMUM Rext TIMING RESISTOR (kQ) 
PERCENT DEVIATION (%) 


65 105 125 
POWER SUPPLY (V) TEMPERATURE (°C) 
TL/F/5338-10 TL/F/5338-11 


Note: R and C are not subjected to temperature. The C is polypropylene. 
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MM54HC521/MM74HC521 


National - 
Semiconductor 


MM54HC521/MM74HC521— | 
8-Bit Magnitude Comparator (Equality Detector) 


General Description 

This equality detector utilizes advanced silicon-gate CMOS 
technology to compare bit for bit two 8-bit words and indi- 
cates whether or not they are equal. The P=Q output indi- 
cates equality when it is low. A single active low enable is 
provided to facilitate cascading of several packages and en- 
able comparison of words greater than 8 bits. 

This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 

The comparator’s output can drive 10 low power Schottky 
equivalent loads. This comparator is functionally and pin 


Connection and Logic Diagrams 


Dual-In-Line Package 
Voc P=Q Q7 P7 -Q6 PE O5 


TL/F/6128-1 
Top View 


Order Number MM54HC521* or MM74HC521* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


compatible to the 54LS688/74LS688 and the 54HC688/ 
74HC688. All inputs are protected from damage due to stat- 
ic discharge by diodes to Voc and ground. 


Features 

@ Typical propagation delay: 20 ns 

mw Wide power supply range: 2-6V 

m@ Low quiescent current: 80 pA (74 Series) 
@ Large output current: 4 mA (74 Series) 

@ Identical to ’HC688 


TL/F/6128-2 
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Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) ~=1.5 to Veo + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (I\x, !ox) +20 mA 
DC Output Current, per pin (lout) £25mA 
DC Vcc or GND Current, per pin (loc) +50 mA 
Storage Temperature Range (TstTq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


600 mW 
500 mw 


260°C 
DC Electrical Characteristics (note 4) 


Symbol Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lout] <20 pA 


Vin= Vin OF ViL 
llout| <4.0 mA 
llour| <5.2 mA 


Vin= Vin OF Vit 
llout|<20 pA 


Maximum Low Level 
Output Voltage 


Vin= Vin oF ViL 
llout| <4.0 mA 
llour| <5.2 mA 


2.0 
4.5 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Voc =4.5V 
Voc=6.0V 


—40 
—55 


; 74HC . 
cil, AS =—40 to 85°C | Ta=—55 to 125°C | Units 


218 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 


1.9 
. 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 

Supply Current louT=0 pA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vi, occur at Vc¢ =5.5V and 4.5V respectively. (The Vi, value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC521/MM74HC521 


AC Electrical Characteristics 
Voc = 5V, Ta= 25°C, C, = 15 pF, tr-=ts=6 ns 


tpHL, tpt | Maximum Propagation 
Delay, any P or Q to Output 


tpLH, tpH. | Maximum Propagation 
Delay, Enable to any Output 


AC Electrical Characteristics 
Voc = 2.0V to 6.0V, C_=50 pF, t,-=ts=6 ns (unless otherwise specified) 


Beene 74HC 54HC 
Parameter Veo 14 Ta=—40to 85°C | Ta=—55to125°C | Units 
Guaranteed Limits 


tpy_, tpLH .| Maximum Propagation 2.0V 175 
Delay, P or Q to 4.5V 
Output 6.0V 


tpy_, tpt | Maximum Propagation 2.0V 
Delay, Enable to 4.5V 


Output 6.0V 


| 
trHL, ttLH | Maximum Output Rise 2.0V : o 
and Fall Time 4.5V 
6.0V 
Power Dissipation 45 
Capacitance (Note 5) 





Maximum input 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp= Cpp Voc2 f+Icc Vcc. and the no load dynamic current consumption, ls =Cpp Voc f+ Icc. 
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National — 
Semiconductor 


MM54HC533/MM74HC533 


TRI-STATE® Octal D-Type Latch 


with Inverted Outputs 


General Description 


These high speed OCTAL D-TYPE LATCHES utilize ad- 
vanced silicon-gate CMOS technology. They possess the 
high noise immunity and low power consumption of stan- 
dard CMOS integrated circuits, as well as the ability to drive 
15 LS-TTL loads. Due to the large output drive capability 
and the TRI-STATE feature, these devices are ideally suited 
for interfacing with bus lines in a bus organized system. 


When the LATCH ENABLE input is high, the data present 
on the D inputs will appear inverted at the Q outputs. When 
the LATCH ENABLE goes low, the inverted data will be re- 
tained at the Q outputs until LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 


Connection Diagram 


The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 


inputs are protected from damage due to static discharge by - 


internal diode clamps to Vcc and ground. 


Features 

@ Typical propagation delay: 18 ns 

m Wide operating voltage range: 2 to 6 volts 

@ Low input current: 1 »A maximum 

Low quiescent current: 80 A, maximum (74HC Series) 
a Compatible with bus-oriented systems 

m@ Output drive capability: 15 LS-TTL loads 


Dual-In-Line Package 


OUTPUT 
CONTROL 


LATCH 
ENABLE 


TL/F/5339-1 


Top View 


Order Number MM54HC533* or MM74HC533* 
*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Output 
Control 


H = high level, L = low level 


Qo = level of output before steady-state input conditions 
were established. 


Z = high impedance 
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CESOHPZININ/EESOHPSWN 


MM54HC533/MM74HC533 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voot+1.5V 
DC Output Voltage (Voy) —0.5 to Veo +0.5V 
Clamp Diode Current {I}, lox) +20mA 
DC Output Current, per pin (Igy) +35 mA 
DC Voc or GND Current, per pin (Icc) +70mA 
Storage Temperature Range (Tstaq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 
DC Electrical Characteristics 


Symbol Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lloutl<20 pA 


Vin= Vin OF Vit 
llout| <6.0 mA 
llout| <7.8 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF Vit 
lout] <20 pA 


Vin= Vin OF Vit 
llout| <6.0 mA 
lloutl<7.8 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t)  Voc=2.0V 
Voc =4.5V 
Voc =6.0V 


74HC 54HC 
= —40 to 85°C | Ta= —55 to 125°C | units 


Guaranteed Limits 


Maximum Input Vin= Voc or GND 6.0V £0.1 +1.0 
Current 

Maximum TRI-STATE | Vin=Vixq or Vi_, OC= Viy | 6.0V +0.5 

Output Leakage Vout= Vcc or GND 

Current 

Maximum Quiescent | Vin=Vcc or GND 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘'N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi} and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vjq value at 5.5V is 3.85V.) The worst case leakage current (Ij, Ioc, and 


loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi. limits are currently tested at 20% of Voc. The above Vi specification (30% of Vcc) will be implemented no later than Q1, CY'89. 





AC Electrical Characteristics voc=5v, T,=25°C, t,=t;=6 ns 


| Parameter | Conditions| Typ | Guaranteed Limit 
teHL: tpLH Maximum Propagation Delay, Data to Q C_=45 pF 
teHL. teLH Maximum Propagation Delay, Enable to Q C_=45 pF 


tpzH, tpzL Maximum Output Enable Time RLp=1k 20 
Cy, =45 pF 

tpyz, tpLz Maximum Output Disable Time RL=1kn 
CL=5 pF 


Minimum Set Up Time 
Minimum Hold Time 
Minimum Pulse Width 


28 


ae a Pees (eee 


AC Electrical Characteristics Voc = 2.0V-6.0V, C, =50 pF, t,= tp=6 ns (unless otherwise specified) 


Symbol Parameter 


tpHL: tpLH | Maximum Propagation 
Delay, Data toQ 


tpHL tepLH | Maximum Propagation 
Delay, Enable to Q 


tpzH, tpzL | Maximum Output Enable Time 


tH Minimum Hold Time 





P Ans 74HC 54HC 
conto | Yor Ta=25°C Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 

C_=S50pF | 2.0V|} 50 | 150 188 
C_=150 pF | 2.0V | 80 | 200 250 

C_=50pF | 4.5V| 22 | 30 37 

CL=150 pF | 4.5V} 30 | 40 50 

C.=50pF | 6.0V] 19 | 26 31 

C_=150pF | 6.0V | 26 | 35 44 
CL=50pF | 2.0V} 63 | 175 220 263 
C_=150 pF | 2.0V} 110 | 225 280 338 
C_=50pF | 4.5V} 25 | 35 44 
C_=150 pF} 4.5V} 35 | 45 56 


CL=50pF | 6.0V] 21 37 45 
C_=150 pF | 6.0V | 28 49 59 
RL=1 ka 
C._=50pF | 2.0V] 50 | 150 188 
C_=150 pF | 2.0V| 80 | 200 250 
C.=50pF | 4.5V] 21 30 37 
C_=150 pF | 4.5V | 30 40 50 
CL=50pF | 6.0V; 19 26 31 
C_=150 pF | 6.0V | 26 35 44 
tpHz, tpLz | Maximum Output Disable Time | RL=1 kd 2.0V | 50 | 150 188 
C_=50pF | 4.5V] 21 30 37 
6.0V | 19 26 31 
ts Minimum Set Up Time 2.0V 60 
4.5V 
6.0V 


5 
5 
5 


tw Minimum Pulse Width 2.0V | 30 80 
4.5V | 10 16 
6.0V| 9 14 18 
trHL tTLH | Maximum Output Rise CL=50pF | 2.0V| 25 75 
and Fall Time, Clock 45V |) 7 15 18 
6.0V | 6 13 15 


Cpp Power Dissipation Capacitance 
(Note 5) 


ae Pte} fof 
OC=Vcc 
OC=Gnd 

a ee 


Cin Maximum Input Capacitance aaa 
Cour__|MaximumOutputCapacitance | _—=[| [15 | 20 | 20 | 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, ls =Cpp Voc f+ Icc. 
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MM54HC534/MM74HC534 


National 
Semiconductor 


MM54HC534/MM74HC534 


TRI-STATE® Octal D-Type Flip-Flop 


with Inverted Outputs 


General Description 


These high speed Octal D-Type Flip-Flops utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the TRI- 
STATE feature, these devices are ideally suited for interfac- 
ing with bus lines in a bus organized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the setup and hold time requirements, 
are inverted and transferred to the Q outputs on positive 
going transitions of the CLOCK (CK) input. When a high 
logic level is applied to the OUTPUT CONTROL (OC) input, 
all outputs go to a high impedance state, regardless of what 
signals are present at the other inputs and the state of the 
storage elements. 


Connection Diagram 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

@ Typical propagation delay: 23 ns 

m Wide operating voltage range: 2-6V 

@ Low input current: 1 wA maximum 

m Low quiescent current: 80 »A maximum 
m Compatible with bus-oriented systems 
= Output drive capability: 15 LS-TTL loads 


Dual-In-Line Package 


re ae 


fot cs 


OUTPUT = 10 20 
CONTROL 


ia iY 


TL/F/5340-1 


Top View 
Order Number MM54HC534* or MM74HC534* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Output 
Control 


H = High Level, L = Low Level 

X = Don't Care 

T = Transition from low-to-high 
= High impedance state 


Qo = The level of the output before steady state 
input conditions were established 
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Absolute Maximum Ratings (notes 1 & 2) 


lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC input Voltage (Vin) —1.5 to Voc t+ 1.5V 
DC Output Voltage (Voy) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ix, lox) +20mA 
DC Output Current, per pin (Igy) +35 mA 
DC Vcc or GND Current, per pin (!cc) +70mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 
Power Dissipation (Pp) ; 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temperature (T,) 

(Soldering 10 seconds) ~ 260°C 


DC Electrical Characteristics (note 4) 


a 25°C 
Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level | Vin=Viy or Vit 
Output Voltage llout|<20 pA 


Vin= Vin OF Vit 
llout| <6.0 mA 
llout|<7.8 mA 


Maximum Low Level | Vin=ViH or Vit 
Output Voltage Nout| <20 pA 


ViN=VIH OF ViL 
lloyt| <6.0 mA 
Nout] <7.8 mA 


Note 2: Unless otherwise specified a!l voltages are referenced to ground. 


ae 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Operating Conditions 


Supply Voltage (Vcc) 


DC Input or Output Voltage 


(Vins Vout) 


Operating Temp. Range (Ta) 


MM74HC 
MM54HC 


Input Rise or Fall Tim 


es 


(t,t) = Vec=2.0V 
Voc=4.5V 
Voc=6.0V 


248 


2.0 
4.5 
6.0 


0.1 
0.1 
0.1 


74HC 
— 40 to 85°C 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 


Min 
2 


0 


—40 
—55 


54HC 
Ta= —55 to 125°C | Units 


1.9 
4.4 


. 5.9 5.9 
4.2 | 3.98 3.84 3.7 
5.7 | 5.48 5.34 5.2 


0.26 0.33 0.4 
0.26 0.33 0.4 
Maximum Input Vin= Vcc or GND 6.0V +£0.14 +1,0 +1.0 
Current 
Maximum TRI-STATE | Vin=ViH or Vi_, OC=Viy | 6.0V +0.5 + 
Output Leakage Vout= Vcc or GND 
Current 
Maximum Quiescent | Vin=Vcc or GND ' | 6.0V 160 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 3: Power Dissipation temperature derating — plastic ‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic wy package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Viy and Vj, occur at Vog = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage Current (lin, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi,_ limits are currently tested at 20% of Voc. The above Vi. specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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vESOHPZININ/PESOHPSWN 


MM54HC534/MM74HC534 


AC Electrical Characteristics voc=5v, T,=25°C, t= t=6 ns 


Symbol_| ___—__—Parameter_—S | Conditions, | Typ | Guaranteed Limit_| units 
Maximum Operating Frequency aaa Sees 
Maximum Propagation Delay Clock to Q C_=45 pF 


tp2H, tpzL Maximum Output Enable Time RL=1ko 21 
CL=45 pF 
tpyz, tpLz Maximum Output Disable Time = , 


Minimum Setup Time 
Minimum Hold Time 
Minimum Pulse Width 


AC Electrical Characteristics v.,=2.0-6.0v, Cc, =50 pF, t;=t;=6 ns (unless otherwise specified) 


T,=25°C 74HC 54HC 

Symbol Parameter Veco |_4 Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 

fuax Maximum Operating CL=50pF | 2.0V 6 MHz 
Frequency : 4.5 MHz 
0 MHz 
teHL, tpLH | Maximum Propagation CL=50pF |} 2.0 ns 
Delay, Clock to Q C= 150 pF A) ns 
CL =50 pF : ns 
C; = 150 pF : ns 


2 
CL=50pF 16 ns 
C_=150 pF | 6. ns 
tpzH, tpz_ | Maximum Output Enable Time RL =1kn 
CL=50pF | 2.0V] 50 189 
C_=150 pF | 2.0V| 80 250 
C= 50 pF 4.5V] 21 30 37 45 
CL. =150 pF | 4.5V} 29 | 40 50 60 
CL=50pF |6.0V} 19 31 
CL =150 pF | 6.0V| 25 44 
tpHz, tpLz | Maximum Output Disable Time RL=1kn 2.0V{ 50 | 150 189 
CL=50pF | 4.5V) 21 30 37 | 
6.0V} 19 26 31 
ts Minimum Setup Time 2.0V 60 
4,5V 13 15 
6.0V 11 13 
ty Minimum Hold Time 2.0V 5 
4.5V 5 
6.0V 5 
tw Minimum Pulse Width 2.0V 80 100 120 
4,5V 16 20 24 
6.0V 14 18 
trHt, ttrLH | Maximum Output Rise CL=50pF | 2.0V]) 25 | 60 75 
and Fall Time 4.5V] 7 12 15 
6.0V; 6 10 13 
tr, ty Maximum Input Rise and Fall Time 1000 1000 
Clock 500 500 
400 400 
Cpp Power Dissipation (per flip-flop) 
Capacitance (Note 5) OC=Vcc 30. 
OC=Gnd 50 
ese 20 AC UR] 


Cin Maximum Input Capacitance 
Cour__|MaximumOutputCapacitance | | | 5 | 20 | 20 {| 2 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Ic Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Ioc- 
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National | 
Semiconductor 


MM54HC540/MM74HC540 


Inverting Octal TRI-STATE® Buffer 


MM54HC541/MM74HC541 
Octal TRI-STATE Buffer 


General Description 


These TRI-STATE buffers utilize advanced silicon-gate 
CMOS technology. They possess high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits achieve speeds compara- 
ble to low power Schottky devices, while retaining the ad- 
vantage of CMOS circuitry, i.e., high noise immunity, and 
low power consumption. Both devices have a fanout of 15 
LS-TTL equivalent inputs. 


The MM54HC540/MM74HC540 is an inverting buffer and 
the MM54HC541/MM74HC541 is a non-inverting buffer. 
The TRI-STATE control gate operates as a two-input NOR 
such that if either GT or G2 are high, all eight outputs are in 
the high-impedance state. 


Connection Diagrams 


In order to enhance PC board layout, the "HC540 and 
’HC541 offers a pinout having inputs and outputs on oppo- 
site sides of the package. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc and ground. 


Features 

@ Typical propagation delay: 12 ns 

@ TRI-STATE outputs for connection to system buses 
Wide power supply range: 2-6V 

m Low quiescent current: 80 pA maximum (74HC Series) 
@ Output current: 6 mA 


Dual-In-Line Package 


AS AG AT AB 


TL/F/5341-1 


Top View 
Order Number MM54HC540* or MM74HC540* 


AS AG AT A8 


TL/F/5341-2 


Top View 
Order Number MM54HC541* or MM74HC541* 


*Please look into Section 8, Appendix D for availability of various package types. 
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MM54HC540/MM74HC540/MM54HC541/MM74HC541 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, , Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 

DC Input Voltage (Vij) —1.5 to Voc + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Voy) —0.5 to Voc + 0.5V MM74HC 

Clamp Diode Current (Icp) +20 mA aS 

DC Output Current, per pin (Igyt) +35mA lnpat : i oe 

DC Vcc or GND Current, per pin (Icc) +70 mA (tnt Ve 4.5V 

Storage Temperature Range (Tstq) —65°C to + 150°C Voc =6.0V 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


ee 74HC 54HC 
Parameter Conditions as Ta= —40 to 85°C | Ta= —55to 125°C Units 


Guaranteed Limits 


Minimum High Level =e 
Input Voltage 4.5V 
6.0V 


Maximum Low Level 2.0V 
Input Voltage** 4.5V 
6.0V 


Minimum High Level | Vin =VjH oF Vit 
Output Voltage llout|<20 pA 


Vin = Vin OF ViL 
llout| <6.0 mA 
llout| $7.8 mA 


Maximum Low Level | Vin=ViH or Vit 
Output Voltage llout| $20 pA 


VIN = VIH OF VIL 
llout| <6. OmA 
llout| <7.8 mA 


Maximum Input Vin= Vcc or GND 6.0V +0.1 +1.0 +1.0 
Current 

Maximum TRI-STATE | Vin=Vin oF Vit, G=Vip | 6.0V +0.5 + 

Output Leakage Vout= Vcc or GND 

Current 

Maximum Quiescent | Vin=Vcc or GND 6.0V 160 
Supply Current lour=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj} and V\_ occur at Vcc= 5.5V and 4.5V respectively. (The Viy value at 5.5V is 3.85V.) The worst case leakage current (ln, loc, and 
oz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 
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AC Electrical Characteristics voc=5v, T,=25°C, t,=t;=6 ns 


Guaranteed 
P t 

tpHL. tpt | Maximum Propagation CL =45 pF 12 
Delay (540) 

tpHL, tpLH | Maximum Propagation C_=45 pF 20 
Delay (541) 

tpzH, tpz_ | Maximum Output Enable Rp= 1k 17 28 
Time CL=45 pF 

tpHz, tp_Lz | Maximum Output Disable | RL= 1k 15 25 
Time CL=5 pF 


AC Electrical Characteristics voc=2.0v to 6.0v, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


Ta=25 Cc Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


126 
190 


Symbol Parameter 


Typ | ____—Guaranteedtimits | 


pd 
- 


On 
oO 


tpHL, tpLH | Maximum Propagation C.=50 pF 
Delay (540) C= 150 pF 


Cy. =50 pF 
CL = 150 pF 


C.=50 pF 
C= 150 pF 


tpHL, tpt | Maximum Propagation C_=50 pF 
Delay (541) C= 150 pF 


CL=50 pF 
C_=150 pF 


C_=50 pF 
CL= 150 pF 


tpzH, tpzL | Maximum Output Enable Ri=1 kn 


dime C,=50 pF an hg 150 
C= 150 pF | 2.0v 


C= 50 pF 
C,=150 pF 


CL=50pF | 6.0V 
C= 150 pF | 6.0V 


tpHz, tpLz } Maximum Output Disable = 2.0V |} 75 
Time = 4.5V) 15 
6.0V | 13 


trHL, ttLH | Maximum Output Rise CL=50pF | 2.0V| 25 
and Fall Time 45V |] 7 
6 
Cpp Power Dissipation = : 
Capacitance (Note 5) 
Cin Maximum Input 
Capacitance 


Cout Maximum Output Capacitance fe ashen 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ oc Voc, and the no oe dynamic current consumption, Is = ae Voc f+ loc. 
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MM54HC563/MM74HC563 


National | 
Semiconductor 


MM54HC563/MM74HC563 


TRI-STATE® Octal D-Type Latch with Inverted Outputs 


General Description 


These high speed octal D-type latches utilize advanced sili- 
con-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the 
TRI-STATE feature, these devices are ideally suited for in- 
terfacing with bus lines in a bus organized system. 


When the LATCH ENABLE (LE) input is high, the data pres- 
ent on the D inputs will appear inverted at the Q outputs. 
When the LATCH ENABLE goes low, the inverted data will 
be retained at the Q outputs until LATCH ENABLE returns 
high again. When a high logic level is applied to the OUT- 
PUT CONTROL (OC) input, all outputs go to a high imped- 
ance state, regardless of what signals are present at the 
other inputs and the state of the storage elements. 


Connection Diagram 


The 54HC/74HC logic family is speed, function and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

m Typical propagation delay: 13 ns 

m™ Wide operating voltage range: 2 to 6 volts 

@ Low input current: 1 pA maximum 

m Low quiescent current: 80 pA maximum (74 Series) 
m Compatible with bus-oriented systems 

= Output drive capability: 15 LS-TTL loads 

w Functionally compatible with 580 


Dual-In-Line Package 


OUTPUT 1D 40 
CONTROL 


Top View 


LATCH 
ENABLE 


SD 
TL/F/5210-1 


Order Number MM54HC563* or MM74HC563* 


*Please look into Section 8, Appendix D for availability of various package types. 


Output | Latch 
tr | eat, [pate | ouput 


Truth Table 





L H H L 
L H L H 
L L X Qo 
H X X Z 


H_ = high level, L = tow level 


Go = level of output before steady-state input 
conditions were established 


Z = high impedance 
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Absolute Maximum Ratings (notes 1 4 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to + 7.0V 
DC Input Voltage (Vin) —1.5 to Veo + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Icc) +20 mA 
DC Output Current, per pin (Iqyt) +35 mA 
DC Vcc or GND Current, per pin (loc) +70 mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 
260°C 


DC Electrical Characteristics (Note 4) 
Parameter 


Minimum High Level! 
Input Voltage 


Maximum Low Level Input 
Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF VIL 
lout] $20 pA 


Vin= Vin OF Vit 


llout| <6.0 mA 
llout| <7.8 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin OF Vit 
llout] $20 pA 


Vin= Vin OF ViL 
llout| <6.0 mA 
lout] <7.8 mA 


Maximum Input Current Vin= Vcc or GND 
Maximum TRI-STATE Output | Vout = Vcc or GND 
Leakage Current OC= Vip 

Maximum Quiescent Supply | Vin=Vcc or GND 
Current lour=0 pA 


Conditions 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


4.5V 
6.0V 


> N 
ao 


Oo 9° as 
ty iy N fo 


Operating Conditions 
Min 
Supply Voltage (Vcc). 2 
DC Input or Output Voltage 0 
(Vins Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Veco=2.0V 
Voc =4.5V 
Voc =6.0V 


—40 
—55 


fj 74HC 54HC 
Ta=25 Cc Ta= —40 to 85°C Ta= —55 to 125°C Units 


Typ Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.5 


1.9 
4.4 
5.9 


1.9 
4.4 
5.9 


3.98 
5.48 


3.84 


ae 
+t 


oo 
ololiip Sia 
nln | a 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Uniess otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo_) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj} and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj}, value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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MM54HC563/MM74HC563 


AC Electrical Characteristics vcc=sv, T,=25°C, t-=t;=6 ns 


teHL tepLH Maximum Propagation Delay, Data to Q C_=45 pF 


Guaranteed 
Limit 


tpHL tPLH Maximum Propagation Delay, LE to Q C,_=45 pF a hee 


tpzH, tpzL Maximum Output Enable Time RL=1k2 
CL =45 pF 


tpuz, tpLz Maximum Output Disable Time RL=1ko2 
CL=5 pF 


Minimum Set Up Time, Data to LE 
Minimum Hold Time, LE to Data 
Minimum Pulse Width, LE or Data 


AC Electrical Characteristics v.c=2.0-6.0Vv, t-=t=6ns 


Symbol Parameter A~ —40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed Limits 
tpHL, tpLH | Maximum Propagation CL=50pF | 2.0V] 45 | 110 138 
Delay, Data to Q CL=150 pF | 2.0V | 58 | 150 188 
CL=50pF | 4.5V |] 14 | 22 28 
CL=150 pF | 4.5V | 21 30 38 
CL=50pF { 6.0V]| 12 | 19 24 29 
CL=150 pF | 6.0V | 19 | 26 33 39 
tpHL: tpLH | Maximum Propagation CL=50pF | 2.0V] 46 | 115 143 , 173 
Delay, LE to Q CL=150 pF | 2.0V | 60 | 155 194 233 
CL=50pF | 4.5V] 14 | 23 29 35 
C_=150 pF | 4.5V | 21 31 47 47 
CL=50pF | 6.0V] 12 | 20 25 
aa 150 pF | 6.0V} 19 | 27 34 
tpzH, tpz_ | Maximum Output Enable PRL=1ko | 1ka 
pe CL=50pF | 20v} 55 | 140 175 210 
C_=150 pF | 2.0V | 67 | 180 225 270 
CL=50pF | 4.5V|] 15 | 28 35 
CL=150 pF | 4.5V }] 24 | 36 45 
CL=50pF | 6.0V| 14 | 24 30 36 
C_=150 pF | 6.0V | 22 | 31 39 47 
tpHz, tp_z | Maximum Output Disable RL=1kon 2.0V ie 156 
Time CL=50pF | 4.5V 31 
6.0V 27 
ts Minimum Set Up Time 2.0V , 
Data to LE 4.5V 
6.0V 
ty Minimum Hold Time 
LE to Data 
tw Minimum Pulse Width, LE 
or Data 9 
; 8 
tttH: ttHL | Maximum Output Rise CL=50pF | 2.0V | 25 
and Fall Time 4.5V : 
6.0V 
Cpp Power Dissipation Capacitance | OC=Vcc 30 
A 5) (per latch) J GND =a 


Cin Maximum Input | Maximum Input Capacitance _| 


Cout__| Maximum Output Capacitance ee ee ae 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 
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TRI-STATE® Octal D-Type Edge-Triggered 
Flip-Flop with Inverted Outputs 


General Description 


These octal D-type flip-flops utilize advanced silicon-gate 
CMOS technology. They possess the high noise immunity 
and low power consumption of standard CMOS integrated 
circuits as well as the ability to drive 15 LS-TTL loads. Due 
to the large output drive capability and the TRI-STATE fea- 
ture, these devices are ideally suited for interfacing with bus 
lines in a bus organized system. 


These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require- 
ments, are inverted and transferred to the Q outputs on 
positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to the OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, regardless 
of what signals are present at the other inputs and the state 
of the storage elements. 


Connection Diagram 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

m@ Typical propagation delay: 15 ns 

@ Wide operating voltage range: 2V-6V 

m@ Low input current: 1 »A maximum 

g Low quiescent current: 80 »A maximum (74HC Series) 
= Compatible with bus-oriented systems 

@ Output drive capability: 15 LS-TTL loads 

m Functionally compatible with 54/74LS576 


Dual-In-Line Package 


40 


50 4660 )6«6©70~=—s 80s CLOCK 


EAL 
eg eo od ep 


OUTPUT 1D 20 30040 
CONTROL 


Order Number MM54HC564* or MM74HC564* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 
Output 
Control 


i 
L 
H 





50 6D 70 80. 
TL/F/5211-1 


H = High Level, L = Low Level 
X = Don't Care 

T = Transition from low-to-high 
Z = High Impedance State 


Qo = The level of the output before steady state 
Input conditions were established 
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MM54HC564/MM74HC564 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) — 1.5 to Vogt 1.5V 
DC Output Voltage (Vout) —0.5 to Veg + 0.5V 
Clamp Diode Current (Ij, lox) +20mA 
DC Output Current, per pin (lout) £35 mA 
DC Vcc or GND Current, per pin (Icc) +70 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only _ 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Parameter Conditions 


Minimum High Level Input 
Voltage 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output | Vin=Viq or Vit 
Voltage llout] <20 pA 


Vin= Vin oF Vit 
llout| <6.0 mA 
llout|<7.8 mA 


Maximum Low Level Output | Vin= Vip or Vic 
Voltage llouT|<20 pA 


Vin= Vin OF Vit 
llout| <6.0 mA 
llout| <7.8 mA 


Maximum Input Current Vin= Vcc or GND 


Maximum TRI-STATE Output | Vout=Vcc or GND 
Leakage Current OC=Vin 


Maximum Quiescent Supply | Vin=Vcc or GN 
Current louT=90 pA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 


Input Rise or Fall Times 
(t,t)  Vcoc=2.0V 
Voc =4.5V 
Voc =6.0V 


Ta=25°C peti ae 
Veo A Ta=— 40 to 85°C | Ta = —55 to 125°C | Units 


Guaranteed Limits 


: 
2.0V 1.5 1.5 15 
4.5V 3.15 3.15 3.15 
6.0V 4.2 4.2 4.2 
2.0V 0.5 i 0.5 
1.35 1.35 
1.8 ‘ 1.8 


4.5V 
6.0V 
2.0V} 2.0] 1.9 1.9 1.9 
45V| 45] 4.4 4.4 4.4 
6.0V 5.9 5.9 


6.0 5.9 
4.5V| 4.2 | 3.98 3.84 3.7 
6.0V | 5.7 | 5.48 5.34 5.2 

0.1 0.1 0.1 
0.1 0.1 0.1 
0.1 0.1 0.1 
0.2 | 0.26 0.33 0.4 
0.2 | 0.26 0.33 0.4 

160 - 





jeov] feos] 40 | 
(i ns co 





Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst-case output voltages 


(Vou, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst-case Vj and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst-case leakage current (lin, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. ‘ 


**Vi. limits are currently tested at 20% of Vcc. The above Vi, specification 


{30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcoc=sv, T,=25°C, t-=t=6 ns 


Maximum Operating Frequency tT 
tpHL, tpLy Maximum Propagation Delay, Clock to Q C= 45 pF 


= 

tpzH, tpzi Maximum Output Enable Time RL=1kn ey 

C, = 45 pF 

tpHz, tpLz Maximum Output Disable Time RL=1kQ 11 
CL=5 pF 


Minimum Setup Time, Data to Clock 


Minimum Hold Time, Clock to Data [i etl] 


Minimum Clock Pulse Width 


AC Electrical Characteristics 
Vcc = 2.0-6.0V, C, = 50 pF, t-=ts=6 ns (unless otherwise specified) 


ee ee 74HC 54HC 
Symbol Parameter Veco |_A Ta= — 40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 


tpHL. tpLH | Maximum Propagation CL=50 pF 143 173 
Delay, Clock to Q C= 150 pF 194 233 
CL=50pF { 4.5V{ 13 23 29 5 
C_=150 pF |} 4.5V} 19 31 47 47 
CL=50pF | 6.0V] 12 20 25 30 
C_=150 pF | 6.0V | 18 27 34 41 
tpzH, tpz_ | Maximum Output Enable Ry =1 ko 
CL=50pF | 2.0V| 45 | 140 175 210 
CL=150 pF | 2.0V |; 59 | 180 225 270 
CL=50pF | 4.5V]| 14 35 42 
CL =150 pF | 4.5V | 20 45 54 
CL=50pF | 6.0V]| 12 24 30 36 
CL_=150 pF | 6.0V; 18 31 39 47 
tpHz, tpLz | Maximum Output Disable Time | RL=1k0 2.0V | 35 | 125 156 188 
CL=50pF | 4.5V] 12 25 31 38 
6.0V | 10 21 27 32 
ts Minimum Setup Time 2.0V 100 125 
Data to Clock 4.5V 20 25 
6.0V 17 21 
tH Minimum Hold Time 2.0V 
Clock to Data 4.5V 
6.0V 
trHL, trLH | Maximum Output Rise CL=50pF | 2.0Vj] 25 60 75 90 
and Fall Time 45V | 7 12 15 18 
6.0V|] 6 10 13 15 
tw Minimum Clock Pulse Width 2.0V | 30 80 100 
45V | 8 16 20 
6.0V | 7 14 18 
ty, ty Maximum Clock Input 2.0V 1000 1000 
Rise and Fall Time 4.5V 500 500 
6.0V 400 400 
Cpp Power Dissipation Capacitance | OC=VCC 
(Note 5) (per latch) OC=GND 


Cin Maximum Input Capacitance eet MOUs. 210. = 7 
Cour__| MaximumOutputCapacitance | | | 5 | 20 | 20 | 2 


fMax Maximum Operating Frequency | CL=50pF | 2.0V 4 
4.5V 20 
3 





MHz 
MHz 
MHz 


ns 
ns 


ns 
ns 


ns 
ns 


ns 
ns 


ns 
ns 


ns 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+ Icc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 
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National © 
Semiconductor 


MM54HC573/MM74HC573 


TRI-STATE® Octal D-Type Latch 


General Description 


These high speed octal D-type latches utilize advanced sili- 
con-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the TRI- 
STATE feature, these devices are ideally suited for interfac- 
ing with bus lines in a bus organized system. 


When the LATCH ENABLE(LE) input is high, the Q outputs 
will follow the D inputs. When the LATCH ENABLE goes 
low, data at the D inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL OC input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 


Connection Diagram 


The 54HC/74HC logic family is speed, function and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 


@ Typical propagation delay: 13 ns 

m Wide operating voltage range: 2 to 6 volts 

m Low input current: 1 4A maximum 

@ Low quiescent current: 80 pA maximum (74HC Series) 
m Compatible with bus-oriented systems 

m@ Output drive capability: 15 LS-TTL loads 


Dual-In-Line Package 


40 


LATCH 


50 60) = 70S 8Q._—s ENABLE 


ee 


OUTPUT 10 20 30 40 
Top View 


CONTROL 





50 60 70 8D 
TL/F/5212-1 


Order Number MM54HC573* or MM74HC573* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


L H 
L H 
L L 
H X 


H = high level, L = low level 
Qo = level of output before steady-state input 
conditions were established. 


Z = high impedance 
X = Don’t care 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vij) —1.5 to Veo + 1.5V 
DC Output Voltage (Vout) —0.5 to Veo + 0.5V 
Clamp Diode Current (ix, lox) +20 mA 
DC Output Current, per pin (Igy) +35 mA 
DC Vcc or GND Current, per pin (Icc) £70mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level Input 
Voltage 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output 
Voltage 


Vin = Vin or Vit 
lout] <20 pA 


Vin= Vi OF ViL 
llout|<6.0 mA 
lout! <7.8 mA 


Maximum Low Level Output 
Voltage 


Vin= Vin OF Vit 
llout| <20 1A 


Vin= Vin or Vit 
llout| $6.0 mA 
llout| <7.8 mA 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


4.5V 
6.0V 


2.0V 
4.5V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Voco=2.0V 
Voc = 4.5V 
Voc =6.0V 


—40 
—55 


an 74HC 54HC 
Ta= 25°C Ta= —40 to 85°C Ta= —55 to 125°C | Units 


Guaranteed Limits 


1.5 1.5 
3.15 


4.2 


0.5 
1.35 
1.8 


1.5 

3.15 

4.2 
0.5 
1.35 
1.8 
2.0 
4.5 
6.0 


1.9 
4.4 
5.9 


3.98 
5.48 


1.9 
4.4 
5.9 


€ZSOHPZWW/EZSOHPSIWW 


Maximum Input Current Vin=VccorGND | 6.0V 
Maximum TRI-STATE Output | Vout =Vcc or GND 
Leakage Current OC=Vip 6.0V 
Maximum Quiescent Supply | Vin=Vcoc or GND 

Current louT=0 pA 6.0V 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst-case output voltages (Vou, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case Vj} and Vj), occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst-case leakage current (ix, 
Icoc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Vcc. The above Vi_ specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcoo=5v, Ta=25°C, t-=t}=6 ns 


tpHL tpLH 
tpHL tPLH 
tpZH; tez 


tpyz, tpLz 


Parameter 


Maximum Propagation Delay, Data to Q 


Maximum Propagation Delay, LE to Q 
Maximum Output Enable Time 


Maximum Output Disable Time 


Minimum Set Up Time, Data to LE 
Minimum Hold Time, LE to Data 
Minimum Pulse Width, LE or Data 


AC Electrical Characteristics 


Symbol 


tPpHL tpLH 


teHL tpLH 


tezH, tp2 





Parameter Conditions | Vcc AX Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


| Typ | Guaranteed Limits 
Maximum Propagation CL=50pF | 2.0V} 45 j 110 138 165 
Delay Data to Q CL =150 pF | 2.0V | 58 | 150 188 225 
CL=50pF | 4.5V] 14 | 22 28 33 
CL=150 pF | 4.5V] 21 30 38 40 
CL=50pF | 6.0V| 12 | 19 24 
CL=150pF | 6.0V] 19 | 26 33 
Maximum Propagation CL=50pF | 2.0V| 46 | 115 143 173 
Delay, Latch Enable to Q C_=150 pF | 2.0V | 60 | 155 194 233 
CL=50pF {| 4.5V] 14 | 23 29 35 
C_=150 pF | 4.5V | 21 | 31 47 47 
CL. =50pF | 6.0V 20 25 30 
Ceri 150 pF | 6.0V 27 34 41 
Maximum Output Enable PRL=1k0 | 1ko 
Time CL=50pF | 20v] 55 | 140 175 210 
C_=150 pF | 2.0V | 67 | 180 225 270 
CL=50pF | 4.5V] 15 42 
CL=150 pF | 4.5V | 24 54 
CL=50pF |} 6.0V| 14 
C_=150 pF | 6.0V | 22 


tpHz, tpLz | Maximum Output Disable RL=1ka 2.0V ae 
Time C_=50pF | 4.5V 
6.0V 
ts Minimum Set Up Time 2.0V | 30 
Data to LE 4.5V . 
6.0V 
ty Minimum Hold Time 
LE to Data 
tw Minimum Pulse Width LE, : 30 | 80 
or Data 4.5V 
6.0V 
tTLH, trHL | Maximum Output Rise C_=50 pF | 2.0V Ps 
and Fall Time, Clock 4.5V 
6.0V 
Cpp Power Dissipation Capacitance | OC=Vcc 30 
reel 5) (per latch) ceanSna GND a 


Maximum Input | Maximum Input Capacitance _| 


on Maximum Output 2 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+!cc Voc, and the no load dynamic current consumption, Ig = Cpp Voc f+Ioc. 
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TRI-STATE® Octal D-Type Edge-Triggered Flip-Flop 


General Description 


These high speed octal D-type flip-flops utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of standard CMOS 
integrated circuits, as well as the ability to drive 15 LS-TTL 
loads. Due to the large output drive capability and the 
TRI-STATE feature, these devices are ideally suited for in- 
terfacing with bus lines in a bus organized system. 


These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require- 
ments, are transferred to the Q outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 


Connection Diagram 


The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Features 

m Typical! propagation delay: 13 ns 

m Wide operating voltage range: 2V~6V 

@ Low input current: 1 wA maximum 

m Low quiescent current: 80 wA maximum 
@ Compatible with bus-oriented systems 
g Output drive capability: 15 LS-TTL loads 


Dual-In-Line Package 


3a 40 


OUTPUT 1D 2D 40 


CONTROL 


50 62 72 8Q CLOCK 


TL/F/5213-1 


Top View 
Order Number MM54HC574* or MM74HC574* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Output 
Control 





L 
L 
L 
H 


H = high level, L = low level 

X = don't care 

T = transition from low-to-high 

Z = high impedance state 

Qo = the level of the output before sisady state 
input conditions were established 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


lf Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin. Vout) 

DC Input Voltage (Vin) —1.5 to Veo + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC 

Clamp Diode Current (I|x, lox) +20 mA Miler ; 

DC Output Current, per pin (lout) +35 mA Be a i Seats 

DC Voc or GND Current, per pin (Ic¢c) +70 mA (tet Vos 45V 

Storage Temperature Range (Tstq) —65°C to + 150°C Voc=6.0V 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mw 


Lead Temperature (T_) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level Input : 1.5 
Voltage 3.15 
4.2 


Maximum Low Level Input ; 0.5 
Voltage** ; 1.35 
1.8 


Minimum High Level Output | Vin= Vin oF VIL 
Voltage lloutl<20 pA 


Vin= Vin OF Vit 
llout| <6.0 mA 
llout| <7.8 mA 


Maximum Low Level Output | Vin=VjH or Vit 
Voltage llout|<20 pA 


Vin = Vik OF Vit 
lout! <6.0 mA 
lout! <7.8mMA 


Maximum Input Current Vin=Vcc or GND 
Maximum TRI-STATE Output 

Leakage Current QS “Nc or GND 
Maximum Quiescent Supply | Vin=Vcc or GND 
Current louT=0 pA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. ; 
Note 3: Power Dissipation temperature derating — plastic ‘‘N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst-case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst-case Vj; and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vjy value at 5.5V is 3.85V.) The worst-case leakage current (lin, 
loc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Viz_ limits are currently tested at 20% of Voc. The above Vj, specification (830% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc=5v, Ta=25°C, t,=t=6 ns 


Maximum Operating Frequency iat = el 
tpHL tpLy Maximum Propagation Delay, Clock toQ Cy = 45 pF 


Guaranteed 
Limit 
tp2H, tpzi Maximum Output Enable Time RL=1kn 13 
CL=45 pF 


tpHz, tpLz Maximum Output Disable Time RL=1ko2 
CL=5 pF 


Minimum Setup Time, Data to Clock aaa 
Minimum Hold Time, Clock to Data ee a, a 
Minimum Pulse Clock Width a 


AC Electrical Characteristics vo-=2.0-6.0v, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


j Ta=25°C 74HC 54HC 
Symbol Parameter Conditions | Vcc |__* Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Typ oemecs Limits 
fMax Maximum Operating Frequency | C,=50pF | 2.0V MHz 
4.5V a MHz 
6.0V 28 MHz 
tpHL, tpLH | Maximum Propagation C_=50pF | 2.0Vj} 40 | 115 143 ns 
Delay, Clock to Q C_=150 pF | 2.0V | 51 155 194 ns 
CL=50pF | 4.5V{ 13 23 29 ns 
CL=150pF | 4.5V] 19 | 31 47 ns 
CL=50pF {| 6.0V{ 12 | 20 25 = ns 
CL=150 pF | 6.0V | 18 27 34 ns 
tpzy, tez_ | Maximum Output Enable Rp=1ko 
Time CL=50pF | 2.0V 140 175 
C.=150 pF | 2.0V 180 225 
CL=50pF | 4.5V] 14 | 28 35 
CL=150 pF | 4.5V | 20 36 45 
CL=50pF | 6.0V| 12 24 30 36 
C_=150 pF | 6.0V; 18 31 39 47 
tpyz, tp_z | Maximum Output Disable Time | Rp=1kQ 2.0V} 35 | 125 156 
CL=50pF | 4.5V] 12 25 31 
; 6.0V | 10 21 27 
ts Minimum Setup Time 2.0V 100 
Data to Clock 4.5V 20 
6.0V 17 
ty Minimum Hold Time 2.0V 
Clock to Data 4.5V 
6.0V 
tTHL trLH | Maximum Output Rise CL=50pF | 2.0V ] 
and Fali Time 4.5V 
6.0V 
tw Minimum Clock Pulse Width 2.0V 4 
4.5V 
6.0V 
tty Maximum Clock Input Rise 2.0V a 
and Fall Time 4.5V 500 
6.0V 400 
Cpp Power Dissipation Capacitance | OC=VCC 
ona 5) (per latch) aaa! GND 


Cin Maximum | Maximum Input Capacitance —_| Capacitance Mkt tei ae 
Cour __| Maximum Qutput Capacitance eee ee 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc? f+ Icc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+ icc. 
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PLSOHPZLININ/PZLSOHPSWIN 


MM54HC589/MM74HC589 


National _ 
Semiconductor 


MM54HC589/MM74HC589 


8-Bit Shift Registers with Input Latches 
and TRI-STATE® Serial Output 


General Description 


This high speed shift register utilizes advanced silicon-gate 
CMOS technology to achieve the high noise immunity and 
low power consumption of standard CMOS integrated cir- 
cuits, as well as the ability to drive 15 LS-TTL loads. 


The ’HC589 comes in a 16-pin package and consists of an 
8-bit storage latch feeding a parallel-in, serial-out 8-bit shift 
register. Data can also be entered serially the shift register 
through the SER pin. Both the storage register and shift 
register have positive-edge triggered clocks, RCK and SCK, 
respectively. SLOAD pin controls parallel LOAD or serial 
shift operations for the shift register. The shift register has a 
TRI-STATE output to enable the wire-ORing of multiple de- 
vices on a serial bus. 


The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic. family. All 


inputs are protected from damage due to static discharge by 


internal diode clamps to Vcc and ground. 


Connection Diagram 


Dual-in-Line Package 





TL/F/5368-1 
Top View 


Order Number MM54HC589* or MM74HC589* 


*Please look into Section 8, Appendix D for availability of various package types. 


Features 

m 8-bit parallel storage register inputs 

@ Wide operating voltage range: 2V-6V 

@ Shift register has direct overriding load 

m Guaranteed shift frequency . . . DC to 30 MHz 

Low quiescent current: 80 »A maximum (74HC Series) 
m@ TRI-STATE output for ‘Wire-OR’ 


Truth Table 


[rex [sex] SCOn0[SE] Function 
crea 0 mee 
| sete ea 


Data loaded into shift register 
from pins 


HorL Data loaded from latches to 
shift register 
X T H X | Shift register is shifted. Data 
on SER pin is shifted in. 
T T H X | Data is shifted in shift register, 
and data is loaded into latches 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 
DC Input Voltage (Vij) 
DC Output Voltage (Voy) 
Clamp Diode Current (Ij, lox) 
DC Output Current, per pin (lout) 
DC Voc or GND Current, per pin (cc) 
Storage Temperature Range (Tst«a) 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T_) 

(Soldering 10 seconds) 


—0.5 to +7.0V 

— 1.5 to Veo + 1.5V 
—0.5 to Veco + 0.5V 
+20mA 

+25 mA 

+50 mA 

—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


ail pom Ite 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
llout| $20 pA 


Vin=ViH OF Vit 
llout|<6.0 mA 
llout| <7.8 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin OF ViL 
lout] <20 A 


Vin = Vin OF Vit 
llout| <6.0 mA 
llout| <7.8 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Voc =2.0V 
Voc =4.5V 
Voc =6.0V 


ae 74HC 54HC 
Av Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 
1.5 1.5 
3.15 


4.2 4.2 


0.5 
1.35 
1.8 


1.9 


68SDHPZWIN/68SOHPSAIN 


Maximum Input Vin= Vcc or GND 6.0V £0.1 +1.0 +1.0 
Current 

Maximum Quiescent Vin= Vcc or GND 6.0V 

Supply Current louT=0 pA : 


Maximum Three-State | Output in High 6.0V +0.5 +5.0 +10.0 
Leakage Current Impedance State 

Vin = Vitor Vin 

Vout = Vcc or GND 

OE = Vin 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N"” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘‘J” package: — 12 mW/"C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V)y and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Viq value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


** Viz limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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MM54HC589/MM74HC589 


AC Electrical Characteristics vcc=5v, Ta=25°C, C, = 15 pF, t=t=6ns 


Symbol Parameter ’ Conditions Guaranteed Limit | Units 


fMax Maximum Operating Frequency for SCK _ MHz 
ns 


tpHL: tpt | Maximum Propagation Delay from SLOAD to QH: a ae 
tpi tpi | Maximum Propagation Delay from LCK to Qy SLOAD=logic'o’ | 25 | 45 | os 
tpzH, tpz_ {| Output Enable Time RL=1 ko 1 | 8 ns 


45 
25 
“16 


ns 


tpHL tpLH | Maximum Propagation Delay from SCK to Qu: ea hae 


ns 


tpyz, tp_z | Output Disable Time RL=1k, C,=5 pF | 19 | 
Minimum Setup Time from RCK to SCK Po t0 


ns 


Minimum Setup Time from SER to SCK ns 


ee ed 
Minimum Setup Time from Inputs A thru H to RCK ae es ns 
Minimum Pulse Width SCK, RCK, SLOAD ea (55 ae 


AC Electrical Characteristics vcoc=2.0-6v, C, =50 pF, t= t}=6 ns (unless otherwise specified) 


peg 74HC 54HC 
Voc A Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits — 


4.8 
24 


Symbol Parameter 


2 
< 
ao) 


fMax Maximum Operating 
Frequency for SCK 


tpHL, tpLH | Maximum Propagation 
Delay from SCK or SLOAD 
to Qu 


tpH_, tptH | Maximum Propagation 
Delay from SCK or SLOAD | C_=150 pF 
to Qu 
tpHL, tpt | Maximum Propagation 
Delay from RCK to Qy 
tpH_, tpLy | Maximum Propagation 
Delay RCK to Qy C_=150 pF 
tpzH, tpz_ | Output Enable Time RL=1ko 
tpHz, tp_z | Output Disable Time RL=1k2 


Minimum Setup Time 
from RCK to SCK 


DPNIDANIDAN 
[o) oO;jono;onao 
SZ2jfZ22jfSZe2 


wopRlow 
2aPl[oan 


Qh 
ao mM 





Minimum Setup Time 


from SER to SCK _ 


Minimum Setup Time 
from Inputs A thru H 
to RCK 


Minimum Hold Time 





NANTON =O 

OnO!lONO ~7on 
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AC Electrical Characteristics (Continued) 
Voc = 2.0-6V, C, =50 pF, t-=trp=6 ns (unless otherwise specified) 


T.=25°C 74HC 54HC 
Parameter Ta = — 40 to 85°C | Ta = — 55 to 125°C 


A 
Typ Guaranteed Limits 


Minimum Pulse Width 
SCK, RCK, SLOAD, SLOAD 


Maximum Input Rise and 
Fall Time, Clock 


trHL, ttLH | Maximum Output 
Rise and Fall Time 


Power Dissipation 
Capacitance (Note 5) 
Maximum Input Capacitance 


Maximum Output Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? ft+lcc Vcc, and the no load dynamic current consumption, 


Is =Cpp Voc sftIoc. 
Timing Diagram 
MM54HC589/MM74HC589 


Parallel 
Data 
Inputs 


at ' ' ' 
}-— Serial shift->| | Serial Shift | [+Serial Shift | [Serial Shift 


PM sail Poof 


Reset Latch Load Latch Parallel Load Load Latch + Parallel Load Parallel Load 
and Shift Register Shift Register : Shift Register Shift Register 
TL/F/5368-3 
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68SDHPZWI/68SOHPSIANW 





MM54HC589/MM74HC589 


Functional Block Diagram (positive logic) 


MM54HC589/MM74HC589 


OUTPUT ENABLE 
SER 
SCK 


iD re 

| 

ait 

Regi 

Sso-d_>° =| 

Po M arb 4 
| 
| 
| 
| 


| 
rt | fe 
Spel 


a i a a Ld el 
—-----4 
------4 
ne 


STAGE F* 


ee ee a ee | 


STAGE G* 
qnmnpnee=Tp Gp 4a a=» 
STAGE H 


Eis a ee Tea eee el 
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TL/F/5368-2 





National - 
Semiconductor 


MM54HC595/MM74HC595 
8-Bit Shift Registers with Output Latches 


General Description Features 


This high speed shift register utilizes advanced silicon-gate | ™ Low quiescent current: 80 »A maximum (74HC Series) 
CMOS technology. This device possesses the high noise  m Low input current: 1 pA maximum 

immunity and low power consumption of standard CMOS _™ 8-bit serial-in, parallel-out shift register 

integrated circuits, as well as the ability to drive 15 LS-TTL with storage 


loads. m Wide operating voltage range: 2V-6V 
This device contains an 8-bit serial-in, parallel-out shift reg- = Cascadable 

ister that feeds an 8-bit D-type storage register. The storage 
register has 8 TRI-STATE® outputs. Separate clocks are 
provided for both the shift register and the storage register. 
The shift register has a direct-overriding clear, serial input, 
and serial output (standard) pins for cascading. Both the 
shift register and storage register use positive-edge trig- 
gered clocks. If both clocks are connected together, the 
shift register state will always be one clock pulse ahead of 
the storage register. 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


S6SOHPZINW/S6SOHPSAW 


Shift register has direct clear 
@ Guaranteed shift frequency: DC to 30 MHz 


Connection Diagram Truth Table 


Dual-n-Line Package |RoK | scx | scLR | G| Function | 
ef PX | AT cat i= TRESTATE 


Shift Register cleared 
Q’y=0 


at se clocked 
=Qn. 1s Qo= SER 


Contents of Shift 
Register transferred 
to output latches 








TL/F/5342-1 
Top View 


Order Number MM54HC595* or MM74HC595* 
*Please look into Section 8, Appendix D for availability of various package types. 
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MM54HC595/MM74HC595 


Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (VouT) 

Clamp Diode Current (ijk, lox) 

DC Output Current, per pin (lout) 

DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (Tst@) 


—0.5 to +7.0V 
—1.5 to Veo + 1.5V 
—0.5 to Veo + 0.5V 

+20 mA 
£35 mA 
+70 mA 
—65°C to + 150°C 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t)  Voc=2.0V 
Voc=4.5V 
Voc =6.0V 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 


Vin= Vin OF Vit 
Output Voltage 


llouTl<20 1A 


Q'y Vin= Vin OF Vit 
lout} <4.0 mA 
lout! <5.2 mA 


Qa thru Qy Vin= Vin Or Vit 


lout} <6.0 mA 
lout] <7.8 mA 





Maximum Low Level 
Output Voltage 


ViIN= Vin OF Vit 
lout] <20 pA 


Oy Vin= Vin OF Vit 
lout] <4 mA : 0.2 
lout| <5.2 mA E 0.2 


Vin= Vin OF Vit 

four] <6.0 mA 0.2 | 0.26 0.33 0.4 
louTi $7.8 mA 0.2 | 0.26 0.33 0.4 
Maximum Input Vin= Vcc or GND 6.0V +0.1 +1.0 +1.0 
Current 

Maximum TRI-STATE | Vour=Vcc or GND | 6.0V +0.5 +5.0 +10 
Output Leakage G=Vin 

Maximum Quiescent | Vin=Vcc or GND 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “‘U” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vj), value at 5.5V is 3.85V.) The worst case leakage current (In, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 


Qa thru Qy 
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AC Electrical Characteristics voc=5v, T,=25°C, t,=t=6 ns 


Guaranteed 
{Max Maximum Operating MHz 
Frequency of SCK 
tpHL. tpLH | Maximum Propagation CL = 45 pF 12 20 
Delay, SCK to Qy;: 
tpi, tpLH | Maximum Propagation CL=45 pF 18 30 
Delay, RCK to Qa thru Qy 
tpzH, tpzL | Maximum Output Enable Rr=1ko 
Time from G to Qa thruQy | C_=45 pF 
tpHz, tpLz | Maximum Output Disable ae ka 
Time from G to Qa thru Qy =5 pF 
Minimum Setup Time 
from SER to SCK 
Minimum Setup Time 
from SCLR to SCK 
Minimum Setup Time 40 ns 
from SCK to RCK 
(See Note 5) 
ty Minimum Hold Time 
from SER to SCK 
tw Minimum Pulse Width 16 
of SCK or RCK 


Note 5: This setup time ensures the register will see stable data from the shift-register outputs. The clocks may be 
connected together in which case the storage register state will be one clock pulse behind the shift register. 


S6SOHPZININ/S6SOHPSWN 





AC Electrical Characteristics voc=2.0-6.0v, C, =50 pF, t;=t;=6 ns (unless otherwise specified) 
T.=25°C 74HC 54HC 
Parameter A~ Ta=—40to 85°C | Ta= —55to 125°C | Units 
ye | Guaranteed Limits 
Maximum Operating CL =50pF | 2.0V 
Frequency 4.5V be 
6.0V 35 
teH_, tpLH | Maximum Propagation CL=50pF {| 2.0V | 58 | 210 265 315 
Delay from SCK to Q’}, C,=150 pF j 2.0V |} 83 | 294 367 441 
CL=50pF | 4.5V] 14 | 42 53 63 
C_=150 pF | 4.5V | 17 | 58 74 88 


CL=50pF | 6.0V] 10 36 45 54 
C,=150 pF | 6.0V | 14 | 50 63 76 
tpHL, tpLH | Maximum Propagation CL=50pF | 2.0V | 70 | 175 220 265 
Delay from RCK to Qa thru Qy | C_=150 pF | 2.0V | 105 | 245 306 368 
CL =50pF | 4.5V 35 
C,_=150 pF | 4.5V 49 
CL =50pF | 6.0V|] 18 | 30 37 45 
CL_=150 pF | 6.0V | 26 | 42 53 63 
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MM54HC595/MM74HC595 


AC Electrical Characteristics 
Voc= 2.0-6.0V, C_=50 pF, t-=ts=6 ns (unless otherwise specified) (Continued) 


Symbol Parameter = = 
Guaranteed Limits 
tpH_, tpLH | Maximum Propagation 2.0V ue ma 
Delay from SCLR to Q’y 4.5V 
6.0V 
tpzH, tpz_ | Maximum Output Enable Rp=1kn 
from G to Qa thru Qy CL=50pF | 2.0V | 75 175 265 
CL=150 pF | 2.0V ].100 | 245 368 
CL=50pF | 4.5V - 35 44 53 
CL=150 pF | 4.5V 49 61 se 
CL=50pF | 6.0V |] 13 30 37 
CL=150 pF | 6.0V} 17 42 53 
tpHz, tp_Lz | Maximum Output Disable RL=1ko 2.0V ne oe 
Time from G to Qa thruQy | CL=50pF | 4.5V 
6.0V 
ts Minimum Setup Time 2.0V pe 
from SER to SCK 4.5V 
6.0V 
Minimum Removal Time 2.0V 50 
from SCLR to SCK 4.5V i 
6.0V 
Minimum Setup Time 2.0V Bs 
from SCK to RCK 4.5V 
6.0V 7 
Minimum Hold Time 
SER to SCK 
Minimum Pulse Width . - 
of SCK or SCLR : 20 
F 18 
tr, t Maximum Input Rise and 2.0V 1000 1000 
Fall Time, Clock 4.5V 500 500 500 
6.0V 400 400 
trHLs tttH | Maximum Output 2.0V |} 25 60 75 90 
Rise and Fall Time 4.5V f 
Qa-Qu 6.0V 


trHL: truy | Maximum Output 2.0V 
Rise & Fall Time 
Q'H 
Power Dissipation 
Capacitance, Outputs 
Enabled (Note 6) 


Cin Maximum Input 
Capacitance 

Court Maximum Output 
Capacitance 


Note 6: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ !cc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 
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Logic Diagram (positive logic) 


sia 
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PARALLEL 
DATA OUTPUTS 


SERIAL DATA 
OUTPUT 


TL/F/5342~-3 
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MM54HC595/MM74HC595 


Timing Diagram 


MM54HC595/MM74HC595 


RCK j | [ | j 
G j | 


NOTE: [ES¢52] implies that the output Is in TRI- STATE mode. - 
TL/F/5342-2 
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National — 
Semiconductor 


MM54HC597/MM74HC597 


8-Bit Shift Registers with Input Latches 


General Description 


This high speed shift register utilizes advanced silicon-gale 
CMOS technology. It has the high noise immunity and low 
power consumption of standard CMOS integrated circuits, 
as well as the ability to drive 10 LS-TTL loads. 

The ’HC597 comes in a 16-pin package and consists of an 
8-bit storage latch feeding a parallel-in, serial-out 8-bit shift 
register. Both the storage register and shift register have 
positive-edge triggered clocks. The shift register also has 
direct load (from storage) and clear inputs. 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Connection Diagram 


Dual-In-Line Package 


TL/F/5343-1 
Top View 


Order Number MM54HC597* or MM74HC597* 


*Please look into Section 8, Appendix D for availability of various package types. 


Features 

= 8-bit parallcl stcrage register inputs 

m Wide operating voltage range: 2V-6V 

m Shift register has direct overriding load and clear 
m Guaranteed shift frequency. . . DC to 30 MHz 
m Low quiescent current: 80 1A maximum 


Truth Table 


nex [sox |StomO[Sc0R| __ranction | 
[fx | x | [fetes 


Data loaded from inputs to 
shift register 


Data transferred from 
input latches to shift 


register 


Invalid logic, state of 
shift register indeterminate 
when signals removed 


pf x |__| shina seret _ 


a register clocked 
=Qp-1, Q9= SER 
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Z6SOHPZWI/Z6SOHPSWIN 


MM54HC597/MM74HC597 


Absolute Maximum Ratings (Notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (I)x, lox) 

DC Output Current, per pin (Ioyt) 

DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (Tsta) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Voc t+ 1.5V 
—0.5 to Voc + 0.5V 

+20mA 
+25mA 
£50mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


ViIN= Vin OF Vit 
lout! $20 nA 


Vin= Vin OF Vit 
llout| <4.0 mA 
lloyt| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin OF Vit 
lout] S20 1A 


ViIN= Vin OF ViL 
llout|<4.0 mA 
Hour] <5.2 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output MOIRGS 0 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) Vec=2.0V 
Voc = 4.5V 
Voc=6.0V 


—40 
~—55 


Guaranteed Limits 


1.5 
3.15 


Maximum Input Vin=Vcoc or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=Vcc orGND | 6.0V 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C, 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vi and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current (In, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vit limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcc=5v, T= 25°C, C_=15 pF, t-=t}=6 ns 
Guaranteed 
ee es eee 
fax Maximum Operating 
Frequency for SCK 
tpHL tpLH Maximum Propagation 
Delay from SCK to Qy 
tpHL, tpLy Maximum Propagation 30 
Delay from SLOAD to Qu 
tpHL tpLH Maximum Propagation 25 ns 
Delay from RCK to Qy SLOAD = logic'0’ 
tPHL Maximum Propagation 
Delay from SCLR to Qy 
tREmM Minimum Removal Time, 10 
SCLR to SCK 
Minimum Setup Time 
from RCK to SCK 
Minimum Setup Time 
from SER to SCK 
Minimum Setup Time 
from Inputs A thru H 
to RCK 
ss Minimum Hold Time 


Minimum Pulse Width 
SCK, RCK, SCLR SLOAD 


Z6SDHPZWW/Z6SOHPSININ 





AC Electrical Characteristics voco=2.0-6.0v, Cc, =50 pF, t,=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Conditions a Ta= —40 to 85°C | Ta= —55 to 125°C | units 
Guaranteed Limits 


Maximum Operating 
Frequency for SCK 


tpHL, tpt | Maximum Propagation 
Delay from SCK to Qy 


tpHL, tpLy | Maximum Propagation 
Delay from SLOAD to Qy 


tepHL tpt | Maximum Propagation 
Delay from RCK to Qu 





Maximum Propagation 
Delay from SCLR to Qy 


Minimum Removal Time 


Minimum Setup Time 
from RCK to SCK 


Minimum Setup Time 
from SER to SCK 
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MM54HC597/MM74HC597 


AC Electrical Characteristics (continued) c, =50 pF, t,= t;=6 ns (unless otherwise specified) 


rn 74HC 54HC 
Veo * Ta=—40to 85°C | Ta=—55to 125°C | Units 


Parameter 


Minimum Setup Time 
from Inputs A thru H 4.5V 
to RCK 6.0V 


Minimum Hold Time 2.0V 
4.5V 
6.0V 


2.0V 


Minimum Pulse Width 2.0V 
SCK, RCK, SCLR, SLOAD 4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


trou: ttLH | Maximum Output 2.0V 
Rise and Fall Time 4.5V 
6.0V 


Maximum Input Rise and 
Fall Time 


Guaranteed Limits 
100 125 150 
20 25 30 
17 21 25 

30 | 80 100 120 
9 16 20 , 24 
8 14 18 20 

1000 1000 
500 500 
400 400 


30 75 95 110 
10 15 19 22 
8 13 16 19 


Power Dissipation 87 

Capacitance (Note 5) 

Maximum Input 10 10 10 
Capacitance 

Maximum Output 20 20 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+ loc Vcc, and the no load dynamic current consumption, Is = Cpp Voc f+ Icc. 
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Functional Block Diagram (Positive Logic) 


SERIAL OATA i 


“P>0 a> 


nee 
> 


PARALLEL DATA 
INPUTS 


* NOTE: Stages C thru G (not shown in detail) are identical to stages A and B above. 


STAGE C* 


STAGE D* 
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TL/F/5343~-3 





Z6SOHPZWW/Z6SOHPSAW 


MM54HC597/MM74HC597 


MM54HC597/MM74HC597 Timing Diagram 


Parallel 
Data 
Inputs 


‘ 1 t] 
Reset _; Serial Shift 
Shift |~_————- Serial Shift 


See 


Load Latch Parallel Load Load Latch 
Shift Register 
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| [+ Serial Shift—>| | 


| 


Parallel Load 
Shift Register 


tt 


Parallel! Load Latch 
and Shift Register 


| Serial Shift 


TL/F/5343-2 





National © 
Semiconductor 


MM54HC620/MM74HC620 Inverting 
Octal TRI-STATE® Transceiver 
MM54HC623/MM74HC623 True 


Octal TRI-STATE Transceiver 


General Description 


These TRI-STATE bi-directional buffers utilize advanced sili- 
con-gate CMOS technology and are intended for two-way 
asynchronous communication between data buses. They 
have high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits possess the low power consumption and high noise 
immunity usually associated with CMOS circuitry, yet have 
speeds comparable to low power Schottky TTL circuits. 
These devices allow data transmission from the A bus to 
the B bus or from the B bus to the A bus depending on the 
logic levels at the enable inputs. Both buses can be isolated 
from each other with proper logic levels at the enable in- 
puts. When GAB is taken high and GBA is taken low, these 
devices store the states presently appearing at the data in- 
puts. The 8-bit codes appearing on the two sets of buses 
will be indentical for the 623 option or complimentary for the 
620 option. 


Connection Diagrams 


Dual-In-Line Package 


ve B7 
12 


C GBA Bi B2 B3 B64 B85 66 
20 fio fis im? tet ta fits 
Y anand Hf 7/37 
RINT 
RAN, 
2 3 4 5 6 7 8 9 


TL/F/9393-1 
Top View 


Order Number MM54HC623* or MM74HC623* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


Vasa eas | 
H A data to B bus 
a an el 


L 
L L B datato Abus, | B data to Abus, 
A data to B bus A data to B bus 


These devices can drive up to 15 LS-TTL loads. All inputs 
are protected from damage due to static discharge by di- 
odes to Vcc and ground. 


Features 
m Typical propagation delays: 13 ns 
mw Wide power supply range: 2V-6V 
m Low quiescent supply current: 80 pA 
maximum (74HC series) 
m TRI-STATE outputs for connection to system buses 
@ High output drive: 6 mA (minimum) 


Dual-In-Line Package 


vec «GB. 6 


SIE 


1 


B4 B8 
15 


TL/F/9393-2 
Top View 


Order Number MM54HC620* or MM74HC620* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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EZ9OHP LIN /EZIDHPSINIAL/OC9OHPZWIN/OZSDHPSWWN 





MM54HC620/MM74HC620/MM54HC623/MM74HC623 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, ’ Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 


Supply Voltage (Vcc) —0.5V to +7.0V (Vin, Vout) 
DC Input Voltage DIR and G pins (Vix) — 1.5V to Voc + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vin, Vout) —0.5 to Voc +0.5V MM74HC 
Clamp Diode Current (Iop) +20mA MM54HC 
DC Output Current, per pin (lout) +35 mA Input Rise/Fall Times 
DC Vcc or GND Current, per pin (Icc) +70 mA (tt) Voc=2.0V 
Storage Temperature Range (TstTq) —65°C to + 150°C Voc=4.5V 
Power Dissipation (Pp) Voc=6.0V 
(Note 3) 600 mW 
S.O. Package only 500 mw 
Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics (note ers 


[ta= 256 nae eee oeaed 54HC 
Parameter Conditions A~ eee oeaed to +85°C|T,a = —55°C to + 125°C/ Units 
| Typ | Guaranteed Limits 


Minimum High Level 2.0V 
Input Voltage 4.5V ee 5 , a 5 
6.0V 4.2 5 4.2 


Maximum Low Level 2.0V 
Input Voltage** 4.5V 
6.0V 


Minimum High Level | Vin= Vix or Vit 

Output Voltage llout|<20 pA 2.0V 
4.5V 
6.0V} 6. 


Vin= Vin or Vit 
llout| <6.0 mA 4.5V 
lout! <7.8 mA 6.0V 


Maximum Low Level | Vin= Vix oF ViL 
Output Voltage llout| <20 pA 2.0V 
4.5V 


Vin = Vin oF Vit 
\lout|<6.0 mA 
llour| <7.8 mA 


Input Leakage Vin= Voc or GND 6.0V 
Current (G and DIR) 
Maximum TRI-STATE | Vout= Vcc or GND +5 

Output Leakage Enable G=Viy OY 20° ae 

Current 

Maximum Quiescent | Vin=Vcc or GND 6.0V 

Supply Current louT=0 pA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power dissipation temperature derating—plastic “‘N” package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vj and Vi, occur at Vcc = 5.5V and 4.5V respectively. (The Vi, value at 5.5V is 3.85V.) The worst case leakage current (In, Ioc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics voc = 5v, Ta = 25°C, t, = t = 6ns 


Guaranteed 
Parameter 
Limit 


Maximum Propagation Delay CL = 45 pF a. 


Maximum Output Enable Time RL = 1koa 
CL = 45 pF 

Maximum Output Disable Time Rt = 1kn 
CL = 5pF 


AC Electrical Characteristics Vcc = 2.0V to 6.0V, C, = 50 pF, t, = tp = 6 ns unless otherwise specified 


It ee 74HC 54HC 
Parameter A = —40°C to +85°C|T, = —55°C to + 125°C| Units 
Typ | ' Guaranteed Limits 


Maximum Propagation |C,=50 pF 2.0V 85 105 130 
Delay CL= 150 pF 2.0V 105 130 160 










tPHL tPLH ns 





tpzH, tpzL 






tpHz, tpLz 
















tPLH 
C_=50 pF 4.5V 


EC9OHPZWIN/ECSOHPSWWW/029DHPZWIN/OC9DHPSWIN 


CL= 150 pF 4.5V aa 
C_=50 pF oe | 14 : 
CL=150 Sa oe | 18 


RL=1k2 ka 

C.=50 pF 2.0V 170 ae 

C.=150 pF 2.0V 195 

C_=50 pF 4. al 

C_= 150 pF 4, al . 

CL =50 pF 6.0V 29 37 43 
CL= 150 pF 6.0V 33 42 50 


2.0V 130 165 195 

4.5V 26 33 39 

6.0V 28 

CL=50 pF 2.0V 60 75 90 
4.5V 12 : Hs 
6.0V 10 

Power Dissipation GBA, GAB= Vi. 120 

Capacitance (Note 5) |GBA=Vjy, GAB=Vj. 12 

Maximum Input 

Capacitance 

Maximum Input/Output 

Capacitance, A or B ed 57 cs a 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Icc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ Icc. 






Maximum Output 


tpz- Enable 













Maximum Output 
Disable Time 






Output Rise and 
Fall Time 


ns 
ns 










tTLH 





Cin/OUT 
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MM54HC640/MM74HC640/MM54HC643/MM74HC643 


National _ 
Semiconductor 


MM54HC640/MM74HC640 


Inverting Octal TRI-STATE® Transceiver 


MM54HC643/MM74HC643 


True-Inverting Octal TRI-STATE Transceiver 


General Description 


These TRI-STATE bi-directional buffers utilize advanced sili- 
con-gate CMOS technology, and are intended for two-way 
asynchronous communication between data buses. They 
have high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits possess the low power consumption and high noise 
immunity usually associated with CMOS circuitry, yet have 
speeds comparable to low power Schottky TTL circuits. 
Each device has an active low enable G and a direction 
control input, DIR. When DIR is high, data flows from the A 
inputs to the B outputs. When DIR is low, data flows from 
the B inputs to the A outputs. The MM54HC640/ 
MM74HC640 transfers inverted data from one bus to other 
and the MM54HC643/MM74HC643 transfers inverted data 
from the A bus to the B bus and true data from the B bus to 
the A bus. 


Connection Diagrams 


Dual-In-Line Package 
ENABLE 


A2 AY A4 AS A6 Av AB GND 
TL/F/5344-1 
Top View 


Order Number MM54HC640* or MM74HC640* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


These devices can drive up to 15 LS-TTL Loads, and all 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 


Features 

B Typical propagation delay: 13 ns 

m@ Wide power supply range: 2-6V 

m Low quiescent current: 80 uA maximum (74 HC) 

gw TRI-STATE outputs for connection to bus oriented 
systems 

@ High output drive: 6 mA (min) 


Dual-In-Line Package 


ENABLE 
Yeo =G B1 B2 B3 Be 65 B6 B87 


OIR Al A2 A3 a4 As Ab a’? Ag GNO 
; TL/F/5344-2 
Top View 


Order Number MM54HC643* or MM74HC643* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Control 


B data to A bus B data to A bus 
A data to B bus A data to B bus 
pH xX | isolation | __tsolation | 


H = high level, L = low level, X = irrelevant 
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Absolute Maximum Ratings (notes 1 4 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin: Vout) 
DC Input Voltage DIR andG pins (Vin) —1.5 to Veco + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vin, Vout) —0.5 to Vog + 0.5V MM74HC 40 
Clamp Diode Current (Icp) +20 mA MIMESHe =a? 
DC Output Current, per pin (our) +35 mA Input = ate: hee 
DC Vcc or GND Current, per pin (Ico) +70 mA tht) Vacs A5V 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc = 6.0V 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 


Lead Temperature (T|) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


74HC 54HC 
Parameter ~— 40 to 85°C sie — 55 to 125°C | Units 


CV9DHPZININ/EPSDHPSININ/OPSDHPZWIN/OP9DHPSW 


Minimum High Level Input : 1.5 
Voltage . : 3.15 
4.2 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output | Vin=Viq or Vic 
Voltage \lout| <20 pA 


Vin= Vin OF Vic 
lout] <6.0 mA 
llout| <7.8 mA 


Maximum Low Level Output | Vig=Viy or Vit 
Voltage lout] <20 pA 


ViN= Vin OF ViL 
llout| <6. OmA 
llout| <7.8 mA 


Input Leakage Vin=VccorGND_ | 6.0V +0.1 +1 O- +1.0 
Current (G and DIR) 

Maximum TRI-STATE Output |} Vout = Vcc or GND } 6.0V +0.5 5.0 

Leakage Current Enable G=Viy 

Maximum Quiescent Supply | Vin=VccorGND_ | 6.0V 160 
Current louT=0 pA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Vox, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi, occur at Vcc = 5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, Icoc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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MM54HC640/MM74HC640/MM54HC643/MM74HC643 


AC Electrical Characteristics voc=5v, T,=25°C, t,=t;=6 ns 


Parameter Guaranteed 
Limit 


tpHL, tpLH Maximum Propagation Delay CL=45 pF ink oe 


tpzH, tezL Maximum Output Enable Time Rp=1koO 
CL=45 pF 

tpyz, tpLz Maximum Output Disable Time RL=1ko 42 
CL=5 pF 


AC Electrical Characteristics voc¢=2.0Vv to 6.ov, C, =50 pF, t= t;=6 ns (unless otherwise specified) 


T= 25°C 74HC 54HC 
Parameter Vea = —40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed Limits 


Maximum Propagation Delay | C_L=50pF | 2.0V| 29 72 
C_=150 pF | 2.0V! 38 96 ae oe 


CL=50pF | 4.5V 
C_=150 pF | 4.5V 


C.=50 pF es ee 
eran 150 pF es 


Maximum Output Enable PRL=1k0 | ko. 
CL=50pF | 2.0V 184 
C_=150 pF | 2.0V be 216 


CL=50pF | 4.5V} 35 | 46 
CL=150pF |] 4.5V] 41 | 54 
CL=50pF | 60V] 31 | 41 
CL=150pF | 6.0V} 36 | 47 


Maximum Output Disable 2.0V 


Time 4.5V 
6.0V [ 


trHL, ttLH | Output Rise and Fall Time CL=50pF | 2.0V 


4.5V ia i: 
Power Dissipation 
Capacitance (Note 5) 


6.0V 
G= 
Maximum Input Capacitance ase 


120 
cal 

Cinvout | Maximum Input/Output -— a 
‘| Capacitance, A or B 


Note 5: Cpp determines the no load dynamic power consumption, Pp>=Cpp Voc? f+!ec Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+Icc. 
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Logic Diagrams 
"HC640 


ENABLE 


O DIR 
TL/F/5344-5 
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ENABLE 
Go 


"HC643 


O DIR 


TL/F/5344-6 





EPIDHPZININ/EPIOHPSWI/OPSOHPZWNI/OP9DHPSINW 


MM54HC646/MM74HC646/MM54HC648/MM74HC648 


National | 
Semiconductor 


MM54HC646/MM74HC646 Non-Inverting 
Octal Bus Transceiver/Registers 


MM54HC648/MM74HC648 


Inverting Octal Bus Transceiver/Registers 


General Description 


These transceivers utilize advanced silicon-gate CMOS 
technology, and contain two sets of TRI-STATE® outputs, 
two sets of D-type flip-flops, and control circuitry designed 
for high speed multiplexed transmission of data. 


Six control inputs enable this device to be used as a latched 
transceiver, unlatched transceiver, or a combination of both. 
As a latched transceiver, data from one bus is’ stored for 
later retrieval by the other bus. Alternately real time bus 
data (unlatched) may be directly transferred from one bus to 
another. : 


Circuit operation is determined by the G, DIR, CAB, CBA, 
SAB, SBA control inputs. The enable input, G, controls 
whether any bus outputs are enabled. The direction control, 
DIR, determines which bus is enabled, and hence the direc- 
tion data flows: The SAB, SBA inputs control whether the 
latched data (stored in D type flip flops), or the bus data 
(from other bus input pins) is transferred. Each set of flip- 


Connection Diagram 


Dual-In-Line Package 
SELECT 
crock 8A. ENABLE 
BA GRA 


(3) (21) (1) 23} (2)_—(22) 
oR G CAB 


(3) (21) (1) (23) (2) (22) 
DIR «6G )~— CAB CCBA OSA CBA SAB SBA 
t 


4 


Real-Time Transfer 
Bus A to Bus B 


Real-Time Transfer 
Bus Bto Bus A 


flops has its own clock CAB, and CBA, for storing data. Data 
is latched on the rising edge of the clock. 

Each output can drive up to 15 low power Schottky TTL 
loads. These devices are functionally and pin compatible to 
their LS-TTL counterparts. All inputs are protected from 
damage due to static discharge by diodes to Vcc and 
ground. 


Features 

@ Typical propagation delay: 14 ns 

m@ TRI-STATE outputs 

m Bidirectional communication 

m™ Wide power supply range: 2-6V 

m@ Low quiescent supply current: 160 pA 
maximum (74HC) 

@ High output current: 6 mA (74HC) 


Order Number MM54HC646/648* or 
MM74HC646/648* 


*Please look into Section 8, Appendix D for 
availability of various package types. 


TL/F/5345-2 


(3) (21) (1) (23) 2) (22) 
DR & CARB CBA SAB SBA 
t t x x x H 
H t x x KH x 
TL/F/5345-1 
Transfer Stored Data 
toAorB 


Storage from 
A, B, or AandB 
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Absolute Maximum Ratings (notes 1 4 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. eave! ie Voltage 0 
Supply Voltage (Vcc) ~—0.5 to +7.0V IN: OUT 
DC Input Voltage (Vin) “UStoVece sv - oUceane Lemp Rangel). is 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM54HC —55 
Clamp Diode Current (Ijx, lox) +20mA Input Rise or Fall Times 
DC Output Current, per pin (lout) +35 mA (tt)  Vec=2.0V 
DC Voc or GND Current, per pin (Ioc) +70 mA cae “ey 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mw 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 
DC Electrical Characteristics (note 4) 


Ta=25°C 74HC 54HC. 
Parameter Conditions Vee |__4 Ta=—40to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 
Minimum High Level 2.0V 1.5 1.5 1.5 
Input Voltage 4.5V o 3.15 3.15 
6.0V 
Maximum Low Level 2.0V 
Input Voltage** 4.5V ; 6 
6.0V 


Minimum High Level Vin= Me or VIL 

Output Voltage llout|<20 pA 2.0V | 2.0 
4.5V | 4.5 
6.0V | 6.0 


ViN= Vin OF ViL 
four <6.0mA 4.5V | 4.2 | 3.96 
louT| <7.8 mA 6.0V | 5.7 | 5.46 


Maximum Low Level Vin = Vin or Vip 

Output Voltage llout|<20 pA 2.0V . 
4.5V 
6.0V 


Vin=Vin OF Vit 
four <6.0mA 4.5V | 0.2 | 0.26 0.4 
louti <7.8 mA 6.0V | 0.2 | 0.26 0.4 


Maximum Input Current | Viv=VocorGND_|é6ov| | #01] #10 | tt. 
Maximum TRISTATE | Vout=Vcc or GND | 6.0V +0.5 +5.0 +10 

Output Leakage G=Vin 

Maximum Quiescent Vin=Vec or GND 6.0V 160 

Supply Current louyT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic N"” package: — 12 mW/°C from 65°C to 85°C; ceramic “J" package: — 12 mW/°C from 100°C to 128°C. 
Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and Voy) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viy and Vi_ occur at Vcc = 5.5V and 4.5V respectively. (The Vj4 value at 5.5V is 3.85V.) The worst case leakage current (lin, Ico, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


** Vit limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 


Truth Table 
Operation or Function 


*ALS646, ’ALS647 "ALS648, ’ALS649 
| Di | CAB CBA | SAB SBA | A1ThruA8 B1 Thru B8 -AS646 ‘ ASG 48 


X T X X X Input Not Specified | Store A,B Unspecified | Store A, B Unspecified 
Xx X T X X Not Specified Input Store B, A Unspecified | Store B, A Unspecified 
xX T T X x Store A and B Data Store A and B Data 

X HorL HorLl xX Xx Isolation, hold storage | Isolation, hold storage 
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SP9DHPZWW/8P9DHPSIVI/SPSOHPLWIN/SPSOHPSAIN 


MM54HC646/MM74HC646/MM54HC648/MM74HC648 





Truth Table (Continued) 


Data I/O Operation or Function 


*ALS646, 'ALS647 "ALS648, ’ALS649 
DIR CAB CBA | SAB_~ SBA | A1ThruA8 } B1 Thru B8 "AS646 ‘ASG648 
L X xX xX L Output Real-Time B Data to A Bus | Real-Time B Data to A Bus 
oe ae. X x H P Stored B Data to A Bus Stored B Data to A Bus 
H X x L X cut Real-Time A Data to B Bus | Real-Time A Data to B Bus 
H x X H x P Stored A Data to B Bus Stored A Data to B Bus 
H = High Level L = Low Level X = Irrelevant T = low-to-high level transition 


The data output functions i.e., data at the bus pins may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabied. 
The data output functions i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs. 


AC Electrical Characteristics mus4Hce46/mm74Hce646, MM54HC648/MM74HC648 
Voco=5V, Ta =25°C, t-=tp=6 ns 


Guaranteed 
fax Maximum Operating 45 MHz 
, Frequency 
teHL, tpLH Maximum Propagation - Cy = 45 pF 
- Delay, A or B Input 
to B or A Output 


tpHL, tpLH Maximum Propagation = ~ cx 45 pF 
Delay, CBA or CAB 
Input to A or B Output 

tPHL tpLH Maximum Propagation C= 45 pF 
Delay, SBA or SAB Input to A 
or B Output, with A or B high 


tpHL tpLH Maximum Propagation 
Delay, SBA or SAB Input to A 
or B Output, with A or B low 
tpzH, tpzi Maximum Enabie 
Time G or DIR Input to 
AorB Output — 
tpHz, tpLz Maximum Disable 
Time, G or DIR Input to 
Aor B Output 


AC Electrical Characteristics mms4yc646/mmM74HC646; MM54HC648/MM74HC648 
Voc = 2.0-6.0V, C_=50 pF, t= ts=6 ns (unless otherwise specified) 


Symbol Parameter Aé Ta=—40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 


Maximum Operating C_=50 pF 2.0V 
Frequency 4.5V ee iy a 
6.0V 31 24 20 
tpHL, tpLy | Maximum Propagation | C,_=50 pF 2.0V 60 180 |- 189 © 225 
Delay, A or B Input CL=150 pF | 2.0V | 80 200 250 300 
eB uu C.=50pF | 45v{ 21 | 30 37 45 
C_=150pF |} 4.5V | 30 | 40 50 60 
C_=50 pF 6.0V | 18 26 31 
C_=150 pF | 6.0V | 22 35 44 
tpHi. tpLy | Maximum Propagation | C_=50 pF 2.0V {| 110 220 275 330 
Delay, CBA or CAB C_=150pF } 2.0V | 150 | 270 338 405 
Inputto Aor B Output | ¢,=sopF | 4sv] 31 | 44 55 66 
Ci =150 pF | 4.5V | 40 54 68 81 
C,_=50 pF 6.0V { 28 38 47 57 
C_=150 pF | 6.0V | 34 47 59 71 
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AC Electrical Characteristics mms4Hce46/MM74HC646, MM54HC648/MM74HC648 (Continued) 
Voc = 2.0-6.0V, C_ =50 pF, tp-=t;=6 ns (unless otherwise specified) 


1. =25°C 74HC 54HC 
Symbol Parameter = Ta= —40 to 85°C | Ta = —55 to 125°C | Units 
Guaranteed Limits 
tpHL, tpt | Maximum Propagation CL=50pF | 2.0V ie 
Delay, SBA or SAB C= 150 pF | 2 


Input to A or B Output C.=50pF | 4.5 [e 


+ 
< 
no] 


8PSDHPZWIN/8P9DHPSWIN/9P9OHP ZINN /SPSDHPSWA 


253 
328 


a 
.OV 
V 
CL = 150 =F 5V 
C= 50 pF .OV 
aa 150 ele OV 
tpz_, tpz_ | Maximum Output Enable PRL=1kO | 1kn 
Time, G Input or DIR to A or B 
Output oe pF | 2.0V 175 on 
V 
V 


C= 150 pF | 2.0V 
C, =50 pF ~ 
CL= 150 pF | 4 
C_=50pF | 6.0 
C= 150 pF | 6.0 


tpHz, tpLz | Maximum Output Disable 2.0V} 85 
Time, G Input to A or B 4.5V} 23 
Output 6.0V 


‘30 225 


ahr 


a sz 
“NO 


_ wt — 
ORINN 


Pay 
> 
oi 
ie) 


nN 
= 
ie) 
“J 
bh 
(oa) 


170 

220 
oe 
i 


~“ 
on 
iio} 
oO 


trHL, trLH | Maximum Output Rise 2.0V 
and Fall Time 4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum Pulse Width 2.0V 
of Clock 4.5V 
6.0V 


—_ 
oOo 
> os 
om © 


Minimum Set Up Time 


pe 


Minimum Hold Time 


_— 
tee) 


Maximum Input Rise and 2.0V 
Fall Time 4.5V 


C Power Dissipation 
PD Capacitance (Note 5) 
Cin Maximum Input Capacitance ae 40 | 
Cout Maximum Output 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp>=Cpp, Vcc? f+ loc, and the no load dynamic current consumption, Is =Cpp Vcc f+Icc. 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 





pF 


_ 
oO 
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VSE-E 


MM54HC646/MM74HC646/MM54HC648/MM74HC648 


weJbeig 91607 


STORAGE FLIP-FLOP SAB 
 HC648 ONLY Cea 


2 

——<} = SELECT AB 
4 22 

SELECT BA 


1 
CLOCK AB 


2 CLOCK BA 


TL/F/5345-3 





National - 
Semiconductor 


MM54HC688/MM74HC688 
8-Bit Magnitude Comparator (Equality Detector) 


General Description 


This equality detector utilizes advanced silicon-gate CMOS 
technology to compare bit for bit two 8-bit words and indi- 
cates whether or not they are equal. The P=Q output indi- 
cates equality when it is low. A single active low enable is 
provided to facilitate cascading of several packages and en- 
able comparison of words greater than 8 bits. 


This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 


The comparator’s output can drive 10 low power Schottky 
equivalent loads. This comparator is functionally and pin 


Connection and Logic Diagrams 


Dual-iIn-Line Package 
Vcc P=Q Q7 P7 Q6 PE Q5 


Q3. GND 
TL/F/5018-1 
Top View 


Order Number MM54HC688* or MM74HC688* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


compatible to the 54LS688/74LS688. All inputs are protect- 
ed from damage due to static discharge by diodes to Voc 
and ground. 


Features 

m Typical propagation delay: 20 ns 

m Wide power supply range: 2-6V 

m Low quiescent current: 80 pA (74 Series) 
@ Large output current: 4 mA (74 Series) 

m Same as 'HC521 


TL/F/5018-2 
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889DHPZINW/889DHPSINN 





MM54HC688/MM74HC688 


Absolute Maximum Ratings (notes1and2) Operating Conditions 


if Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 6 V 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc V 
Supply Voltage (Vcc) ; —0.5 to +7.0V (Vin, Vout) 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Veg + 0.5V MM74HC —40 +85 °C 
Clamp Diode Current (Ii, lox) +20mA Sven 59 #126 "G 
DC Output Current, per pin (lout) +25 mA ee i sihedl ys 41000 ak 
DC Vcc or GND Current, per pin (Icc) +50 mA , Voc = 4.5V 500 ns 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc = 6.0V 400 ns 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Ta 25°C -- 74HC 54HC 
Parameter ialees 2 Ta=—40 to 85°C | Ta=—55to 125°C | Units 


Guaranteed Limits 















=) 2 | 1.5 1.5 
4.5V . : 3.15 3.15 
6.0V 4.2 


2.0V 0.5 . 
4.5V ee 1.35 1.35 
6.0V 1.8 1.8 


Minimum High Level 
Input Voltage 





















Maximum Low Level 
Input Voltage** 









Minimum High Level 






Vin = Vin OF Vit 




























Output Voltage lout! <20 pA 20 | 1.9 1.9 1.9 V 
45 | 4.4 4.4 4.4 V 
6.0 : : : Vv 
Vin=VIH OF ViL 
Houtl<4.0 mA 4.5V | 4.2 | 3.98 3.84 3.7 
llouTls5.2mA__| 6.0V | 5.7 
Maximum Low Level | Vin=Vjy or ViL 
Output Voltage lloutl<20 pA 2.0V 0.1 0.1 0.1 V 
4.5V 2 : : V 
6.0V Vv 









Vin= Vin OF ViL 
lout] <4.0 mA 4.5V a 0.26 0.33 0.4 
llout| <5.2 mA 6.0V 0.26 0.33 0.4 
Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 £1.0 
Current 
Maximum Quiescent | Vin=VccorGND | 6.0V 
Supply Current loyT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘“‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo;) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vjy and Vi, occur at Voc =5.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj. specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics 
Voc=5V, Ta= 25°C, C= 15 pF, tp=tp=6 ns 


30 


tpHt, tpt | Maximum Propagation 
Delay, any P or Q to Output 


tpLH, tpH_ | Maximum Propagation 
Delay, Enable to any Output 


889DHPZWW/889DHPSAW 


AC Electrical Characteristics 
Voc =2.0V to 6.0V, C, = 50 pF, tp=t;=6 ns (unless otherwise specified) 


one 74HC 54HC 
Parameter Conditions | Vcc . Ta= —40to 85°C | Ta=—55to 125°C 


Guaranteed Limits 


tpH_, tpLH | Maximum Propagation 2.0V 60 175 220 
Delay, P or Q to 4.5V 22 44 
Output 6.0V 19 38 


tpHL, tpLH | Maximum Propagation 2.0V 45 
Delay, Enable to 4.5V 15 30 
Output 6.0V 13 25 

ie 

3 


trHL. tttH | Maximum Output Rise 2.0V 30 95 
and Fall Time 4.5V : 
6.0V 


Power Dissipation 
Capacitance (Note 5) 





Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+ Icc Voc, and the no load dynamic current consumption, ls = Cpp Voc f+Icc. 
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MM54HC4002/MM74HC4002 


National | 
Semiconductor 


MM54HC4002/MM74HC4002 
Dual 4-Input NOR Gate 


General Description 


These NOR gates utilize advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. All gates have buffered outputs, providing 


high noise immunity and the ability to drive 10 LS-TTL loads. © 


The 54HG/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
The 54HC4002/74HC4002 is functionally equivalent and 
pin-out compatible with the CD4002B. All inputs are protect- 
ed from damage due to static discharge by internal diode 
clamps to Voc and ground. 


Connection Diagram 


Features 

@ Typical propagation delay: 8 ns 

m Wide power supply range: 2V-6V 

m Low quiescent current: 20 »A maximum (74HC Series) 
@ Low input current: 1 #A maximum 

mw Fanout of 10 LS-TTL loads 


Dual-in-Line Package 


C2 


TOP VIEW 


Y=A+B+C+D 


TL/F/5154~-1 


Order Number MM54HC4002* or MM74HC4002* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 
If Milltary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vij) 

DC Output Voltage (VouT) 

Clamp Diode Current (Ik, lox) 

DC Output Current, per pin (Ioyt) 

DC Vcc or GND Current, per pin (Ioc) 
Storage Temperature Range (Tstg) 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


—-0.5 to +7.0V 
—1.5 to Voc + 1.5V 
—0.5 to Vcc + 0.5V 

+20 mA 
+25mA 
+50 mA 
—65°C to + 150°C 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


—— jo fre 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin = Vin or Vit 
llout|<20 pA 


Vin = Vin oF Vit 
llour| <4-0 mA 
llout| <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= VIH OF Vit 
Hlout|<20 pA 


Vin = Vin oF Vit 
llout| <4 mA 
llout| <5.2 mA 


Operating Conditions 
Min Max Units 
Supply Voltage (Vcc) 2 6 Vv 
DC Input or Output Voltage 0 Vcc V 
(Vin, Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(t,t) = Voc=2.0V 
Voc =4.5V 
Vcoc=6.0V 


—40 
—55 


54HC 


eee 74HC 
A~ =—40to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 


1.9 
4.4 


‘ 9 
3.98 3.84 
5.48 5.34 


0.1 
j 


0.26 0.33 
0.26 0.33 


0.1 


COOPOHPZAIN/COOPOHPSWIN 





Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=Vcc or GND 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vol) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Viy and Vj_ occur at Vcc =5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (\jn, 
'!cc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi, limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC4002/MM74HC4002 


AC Electrical Characteristics voo=5v, T,= 25°C, C, =15 pF, t =t}=6ns 


teu, teLH Maximum Propagation 
Delay 


AC Electrical Characteristics voc=2.0v to6.0v, C_=50 pF, t-=t=6 ns 


a eone 74HC 54HC 
Parameter Conditions A Ta= —40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 


179 
36 


tpy_, tpLy | Maximum Propagation 2.0V ie. 120 
Delay 4.5V 12 24 


6.0V 


trtH» trHL | Maximum Output 2.0V 
Rise and Fall 4.5V 
Time 6.0V 


75 110 
15 22 
13 19 

Power Dissipation (per gate) 

Capacitance (Note 5) 

Maximum Input 10 10 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, ls =Cpp Voc f+ loc. 
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National | 
Semiconductor 


MM54HC4016/MM74HC4016 
Quad Analog Switch 


General Description 


These devices are digitally controlled analog switches im- 
plemented in advanced silicon-gate CMOS technology. 
These switches have low “on” resistance and low “off 
leakages. They are bidirectional switches, thus any analog 
input may be used as an output and vice-versa. The ‘4016 
devices allow control of up to 12V (peak) analog signals 
with digital control signals of the same range. Each switch 
has its own control input which disables each switch when 
low. All analog inputs and outputs and digital inputs are pro- 
tected from electrostatic damage by diodes to Vcc and 
ground. 


Connection Diagram 


Dual-in-Line Package 
Vcc wTL 4CTL 41/0 40/1 30/I 


1/0 10/t 20/f 21/0 2CTL 3CTL GND 
TL/F/5350-1 
Top View 


Order Number MM54HC4016* or MM74HC4016* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Schematic Diagram 


CONTROL 


Features 

@ Typical switch enable time: 15 ns 

m@ Wide analog input voltage range: 0-12V 

m Low “on” resistance: 502. typ. 

m@ Low quiescent current: 80 A maximum (74HC) 
Matched switch characteristics 

@ Individual switch controls 


Truth Table 


| input | switen | 





L “OFF” 
H “ON” 


TL/F/5350-2 
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9LOPOHPZWIN/SLOPOHPSWIN 


MM54HC4016/MM74HC4016 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to + 15V (Vin: Vout) 

DC Control Input Voltage (Vin) —1.5 to Vogt 1.5V Operating Temp. Range (Ta) 

DC Switch 1/0 Voltage (Vio) —0.5 to Voc + 0.5V MM74HG 

Clamp Diode Current (Ik; lox) +20mA MM54HC 

DC Output Current, per pin (Iour) +25mA Input Rise or Fall Times 

DC Vcc or GND Current, per pin (icc) +50 mA (te th) Vici rene 

Storage Temperature Range (Tstq) —65°C to + 150°C Vee 6.0V 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


er 74HC 54HC 
Parameter Conditions Vec ae Ta= —40 to 85°C | Ta = —55 to 125°C | Units 


Guaranteed Limits 


Minimum High Level ; 
Input Voltage : 


Maximum Low Level 
input Voltage** 


Maximum ‘ON’ Resistance | VoTL= Vin, Ig = 2.0 mA 
(See Note 5) Vis=Vcc to GND 
(Figure 1) 


VeTL= Vin: Ig =2.0 mA 
Vis= Vcc or GND 
(Figure 1) 

Maximum ‘ON’ Resistance | VoTt= Vin 
Vis= Vcc to GND 


SPoej~eose sJ/epvoo|/<<<</<<<< 


Maximum Switch ‘OFF’ Vos= Vcc or GND . + ial 
Leakage Current Vigs= GND or Voc F +80 
VotTL= Vit (Figure 2) d +100 


Maximum Switch ‘ON’ Vis= Vcc to GND ; +40 
Leakage Current VoTL= Vin: Von = OPEN 9. +50 
(Figure 3) _ +60 


Maximum Quiescent Vin= Vcc or GND 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V + 10% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case Viy and V\_ occur at Voc = 5.5V and 4.5V respectively. (The Vj4 value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS at 
the higher voltage and so these values should be used. 

Note 5: At supply voltages (Vcc-GND) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 


**Vi_ limits are currently tested at 20% of Voc. The above V),_ specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics Vec = 2.0V-12.0V, CL = 50 pF (unless otherwise specified), (Notes 6 and 7) 


Ta =25°C 74HC 54HC 
Symbol Parameter Conditions » Ta= —40 to 85°C| Ta= —55 to 125°C Units 
typ | | Guaranteed Limits 

tpHL, tpLH| Maximum Propagation . 25 62 
Delay Switch In to ; 5 13 

Out : 4 12 

: 3 11 
tpzL, tpzH | Maximum Switch Turn Rp=1k0 i 125 
“ON” Delay : 25 

: 15 

. 13 
tpyz, tp_z | Maximum Switch Turn RL = 1k . 210 
“OFF” Delay : 45 

. 40 

R : 


Minimum Frequency L = 6000, Vig = 2Vpp 
Response (Figure 7) at (Vcc/2) 
20 log (Vos/Vis) = —3 dB] (Notes 6 & 7) 


Control to Switch R_ = 6000, F = 1 MHz 
Feedthrough Noise C. = 50 pF 
(Figure 8) (Notes 7 & 8) 


Crosstalk Between R_ = 6000, F = 1 MHz 
any Two Switches 
(Figure 9) 


Switch OFF Signal R, = 6009, F = 1 MHz 
Feedthrough VetL = VIL 
Isolation (Notes 7 & 8) 

(Figure 10) 


Sinewave Harmonic RL = 10kQ, C, = 50 pF, 
Distortion F = 1 kHz 
(Figure 11) Vis = 4Vpp| 4.5V 
Vis = 8Vpp! 9.0V | 0.008 


Maximum Control 10 10 

Input Capacitance 

Maximum Switch pF 
Input Capacitance 

Maximum Feedthrough VeTL= GND pF 
Capacitance 

Power Dissipation (per switch) 15 pF 
Capacitance 


Note 6; Adjust 0 dBm for F = 1 kHz (Null RL/Ron Attenuation) 
Note 7: Vis is centered at Voc/2 
Note 8: Adjust input for 0 dBm 


9L0POHPZAIN/SLOPOHPSWN 
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MM54HC4016/MM74HC4016 


AC Test Circuits and Switching Time Waveforms 


Voc 
Veru= Vee 


Vet. =OV 
CONTROL = Ver 


10F4 0O/I AMMETER CONTROL Vec 
SWITCHES Vos tee 
GND Vis=GND OR Vec 1/0 SWITCHES 0/I Vos =Vec OR GND 


GND 


TL/F/5350-4 


FIGURE 2. “OFF” Channel Leakage Current 
TL/F/5350-3 


FIGURE 1. “ON” Resistance 


Ver. = Vin 


AMMETER CONTROL Vcc 


Vis=V 10F 4 Vos (OPEN 
hs “Nec VO suircues 9! ios (OPEN) 


TL/F/5350~-5 


CONTROL Vcc 


10F 4 
is SWITCHES 
GND 


TL/F/5350-7 


TL/F/5350-6 


FIGURE 4. tpy1, tpLy Propagation Delay Time Signal Input to Signal Output 


Vec tezi 
50% 
CONTROL Vcc 


10F4 tpze 
V0 wiTcHES 


GND 


TL/F/5350-9 
TL/F/5350-8 


FIGURE 5. tpz_, tp_.z Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (continued) 


tpzH 


CONTROL Vcc 50% 


tezn 


TL/F/5350-11 
TL/F/5350-10 


FIGURE 6. tpzp, tpyz Propagation Delay Time Control to Signal Output 


CONTROL og 
IN/ OUT OUT/IN 


Vee /2 
TL/F/5350-20 


FIGURE 7. Frequency Response 


CONTROL Vec 


10F4 


IN/OUT owitcHES 


TL/F/5350-13 


TL/F/5350-12 
FIGURE 8. Crosstalk: Control Input to Signal Output 
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MM54HC4016/MM74HC4016 


AC Test Circuits and Switching Time Waveforms (continued) 


Veru1) Vee 


CONTROL Vee 


TL/F/5350-14 


TL/F/5350-15 


CONTROL Vec 


T 10F4 


IN/OUT wit CHES 


OUT/IN 


TL/F/5350-16 


FIGURE 9. Crosstalk Between Any Two Switches 


Fiy IS A SINE WAVE Fiy IS A SINE WAVE 


CONTROL 
IN/ OUT OUT/IN Vos IN/ OUT OUT/IN Vos 


Voc /2 Vee/2 
TL/F/5350-21 TL/F/5350-22 
FIGURE 10. Switch OFF Signal Feedthrough Isolation FIGURE 11. Sinewave Distortion 
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Typical Performance Characteristics 


Typical “On” Resistance 


Typical Frequency Response 
0 





"ON" RESISTANCE (2) 


INPUT VOLTAGE (V) 


~~ 
[2+] 
wo 
— 
a 
z= 
AN 
oo 
> 


Special Considerations 





Vour/Vin (48) 


12 


FREQUENCY (Hz) 
TL/F/5350-19 


Typical Crosstalk Between 
Any Two Switches 


FREQUENCY (Hz) TL/F/5350~24 


TL/F/5350-23 


in certain applications the external load-resistor current may include both Vcc and signal line components. To avoid drawing 
Vcc current when switch current flows into the analog switch input pins, the voltage drop across the switch must not exceed 


0.6V (calculated from the ON resistance). 
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MM54HC4017/MM74HC4017 


National © 
§ Semiconductor 


MM54HC4017/MM74HC4017 
Decade Counter/Divider with 10 Decoded Outputs 


General Description 


The MM54HC4017/MM74HC4017 is a 5-stage Johnson 
counter with 10 decoded outputs that utilizes advanced sili- 
con-gate CMOS technology. Each of the decoded outputs is 
normally low and sequentially goes high on the tow to high 
transition of the clock input. Each output stays high for one 
clock period of the 10 clock period cycle. The CARRY out- 
put transitions low to high after OUTPUT 9 goes low, and 
can be used in conjunction with the CLOCK ENABLE to 
cascade several stages. The CLOCK ENABLE input dis- 
ables counting when in the high state. A RESET input is 
also provided which when taken high sets all the decoded 
outputs low except output 0. 


The MM54HC4017/MM74HC4017 is functionally and pinout 
equivalent to the CD4017BM/CD4017BC. It can drive 


Connection Diagram 


up to 10 low power Schottky equivalent loads. All inputs are 
protected from damage due to static discharge by diodes 
from Voc and ground. 


Features 

w Wide power supply range: 2-6V 

mw Typical operating frequency: 30 MHz 

m Fanout of 10 LS-TTL loads 
@ Low quiescent current: 80 pA (74HC Series) 
m@ Low input current: 1.0 pA 


Dual-In-Line and Flat Package 


DECODED OUTPUT “5” 
DECODED OUTPUT “1” 
DECODED OUTPUT “oO” 
DECODED OUTPUT “2” 
DECODED OUTPUT “6” 
DECODED OUTPUT “7” 
DECODED OUTPUT “3” 


GND 


Vee 

RESET 

CLOCK 

CLOCK ENABLE 
CARRY-OUT 

DECODED OUTPUT “9” 
DECODED OUTPUT “4” 


DECODED OUTPUT “8” 


TOP VIEW 


TL/F/5351-1 


Order Number MM54HC4017* or MM74HC4017* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) -0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Veg + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ii, lox) +20 mA 
DC Output Current, per pin (Iqut) +25 mA 
DC Vcc or GND Current, per pin (Icc) +50 mA 
Storage Temperature Range (TsTq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


ae 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin Or ViL 
lout! S20 pA 2.0V 
4.5V 


6.0V 
Vin= Vin OF ViL 
llout]<4.0 mA 
lout! <5.2mA 
Vin= Vin OF ViL 
llout|<20 pA 


4.5V 
6.0V 


Maximum Low Level 
Output Voltage 2.0V 
4.5V 


6.0V 
Vin= Vin or ViL 
llout| <4.0 mA 
llout| <5.2 mA 


err 74HC 54HC 
ole =—40 to 85°C | Ta= —55 to 125°C 


Operating Conditions 
Min Max Units 
Supply Voltage (Vcc) 2 6 V 
DC Input or Output Voltage Vcc V 
(Vin: VouT) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 
Input Rise or Fall Times 
(tr, te) Voc = 2.0V 
Voc =4.5V 
Voc =6.0V 


—40 
—55 


Units 
Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 


5.9 9 5.9 
3.98 3.84 3.7 
5.48 5.34 5.2 


0.1 
0.1 


0.1 0.1 0.1 
0.26 0.33 0.4 
0.26 0.33 0.4 


1.9 
4.4 


0.1 
0.1 


0.1 
0.1 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 160 
Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


‘Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Von, and Vo ,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vjq and Vi, occur at Vcc= §.5V and 4.5V respectively. (The Vi} value at 5.5V is 3.85V.) The worst case leakage current (Ij, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi- limits are currently tested at 20% of Voc. The above Vi_ specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC4017/MM74HC4017 


AC Electrical Characteristics voo=5v, T,=25°C, C, =15 pF, t-=t}=6 ns 


Guaranteed 
fMax Maximum Clock Frequency Measured with MHz 
respect to carry line 

teu. tpLy | Maximum Propagation 44 
Delay, Enable to Carry-Out Line 

tpHL, tpLH | Maximum Propagation 27 44 
Delay Enable Decode-Out Lines - 

tpHL, tpLH | Maximum Propagation 23 40 
Delay, Reset or Clock to Decode Out 

tpHL, tpLH | Maximum Propagation 23 40 
Delay, Reset or Clock to Carry Out 

ts Minimum Clock Inhibit to Clock 
Set-Up Time 


Minimum Clock orResetPulsewidth |_| 8 | 16 ns 
[trem | Minimum ResetRemovalTime |_| 20 | tons 


AC Electrical Characteristics Vcc = 2.0-6.0V, CL =50 pF, t-=t;=6 ns (unless otherwise specified) 


Symbol Parameter 


fax Maximum Clock Frequency 


tpHL, tpt | Maximum Propagation 
Delay, Enable to Carry-Out Line 


tpHL, tpLH| Maximum Propagation 
Delay, Enable to Decode Out Line 


tpHL, tpL| Maximum Propagation 
Delay, Reset or Clock to Decode Out 


tpHL, tpLy| Maximum Propagation 
Delay, Reset or Clock to Carry Out 


Minimum Reset, Clock, or 
Clock Enable Pulse Width 


Minimum Reset Removal Time 


Minimum Clock Inhibit 
to Clock Set-Up or Hold Time 


trHL ttLH | Maximum Output Rise 
and Fall Time 


Minimum Input Rise and Fall Time 


Cep Power Dissipation (per package) 
Capacitance (Note 5) 


MHz 
MHz 


Ta=25°C 74HC 54HC 
Vec A Ta= —40 to 85°C) Ta = — 55 to 125°C] Units 
Guaranteed Limits 
Measured with 
respect to carry line} 4. 
16. MHz 
89 ns 


25 ns 
; ns 


hr 
oa 
Nn 
ROOF 


ns 
ns 
ns 


Oo 
ao 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


sa =N5 
oud NOS 


1000 1000 
500 500 
400 400 


Ci [Maximum inputCapacitance [| | tS Lo] to | tt 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+1oc Vcc, and the no load dynamic current consumption, ls=Cpp Voc f+ Icc. 
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Logic and Timing Diagrams 


MM54HC4017/MM74HC4017 


TERMINAL NO. 8 = GNO 
TERMINAL NO. 16 = Voc 


CLOCK 


RESET 


CLOCK 
ENABLE 


“9” 
“ye 


“ye 
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TL/F/5351-3 
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MM54HC4020/MM74HC4020/MM54HC4040/MM74HC4040 


National - 
Semiconductor 


MM54HC4020/MM74HC4020 
14-Stage Binary Counter 
MM54HC4040/MM74HC4040 
12-Stage Binary Counter 


General Description 


The MM54HC4020/MM74HC4020, MM54HC4040/ 
MM74HC4040, are high speed binary ripple carry counters. 
These counters are implemented utilizing advanced silicon- 
gate CMOS technology to achieve speed performance simi- 
lar to LS-TTL logic while retaining the low power and high 
noise immunity of CMOS. 

The ’HC4020 is a 14 stage counter and the ’HC4040 is a 12- 
stage counter. Both devices are incremented on the falling 
edge (negative transition) of the input clock, and all their 
outputs are reset to a low level by applying a logical high on 
their reset input. 


Connection Diagrams 


These devices are pin equivalent to the CD4020 and 
CD4040 respectively. All inputs are protected from damage 
due to static discharge by protection diodes to Vcc and 
ground. 


Features 

@ Typical propagation delay: 16 ns 

m Wide operating voltage range: 2-6V 

@ Low input current: 1 wA maximum 

m Low quiescent current: 80 »A maximum (74HC Series) 
m= Output drive capability: 10 LS-TTL loads 


Dual-In-Line Packages 
’HC4040 


06 


TOP VIEW 


RESET CLOCK 


as 


TL/F/5216-1 


’HC4020 


Q7 


TOP VIEW 


RESET CLOCK 


Qa 
TL/F/5216-3 


Order Number MM54HC4020/4040* or MM74HC4020/4040* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 @ 2) Operating Conditions 
lf Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 6 Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc Vv 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 
DC Input Voltage (Vij) —1.5 to Vec+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Vogt 0.5V MM74HC —40 +85 
Clamp Diode Current (Icp) +20 mA MN ac. SOR eles 
DC Output Current, per pin (lout) +25mA Input Rise or Fall Times 
: (t,t)  Vcc=2.0V 1000 

DC Voc or GND Current, per pin (Icc) +50 mA Voc = 4.5V 500 
Slorage Temperature Range (Tstq) ~65°C to + 150°C Voc = 6.0V 400 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


T= 25°C 74HC 54HC 
Parameter Vec Bo = —40 to 85°C | Ta= —55 to 125°C 


Guaranteed Limits 


Minimum High Level Input 1.5 
Voltage - 3.15 ee 
; 4.2 4.2 4.2 


0.5 0.5 
1.35 1.35 
1.8 1.8 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output | Vij = Vin or VIL 
Voltage ltout|<20 pA 1.9 1.9 


es 


Vin= Vin or Vit 
lloytl <4.0 mA 4.5V 
lout| <5.2 mA 6.0V 


2.0 
4.5 
6.0 
Maximum Low Level Output | Vin = Vin or Vit 
Voltage lloutl<20 pA 2.0V 0.1 0.1 0.1 
4.5V i ; . 0.4 
6.0V 0.1 


3.98 3.84 3.7 
5.48 5.34 5.2 


Vin = Vin OF ViL 
lloyt|<4.0 mA 4.5V 0.33 0.4 
llourl <5.2 mA dale [a _ 
Maximum Quiescent Supply | Vin=Voc or GND | 6.0V 
Current lout =0 pA 
Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 


designing with this supply. Worst case Vix and V\_ occur at Vcc = 5.5V and 4.5V respectively. (The Vj}; value at 5.5V is 3.85V.) The worst case leakage current (In, 
loc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**ViL limits are currently tested at 20% of Voc. The above Vj. specification (30% of Voc) will be implemented no later than Q1, CY'89. 
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MM54HC4020/MM74HC4020/MM54HC4040/MM74HC4040 


AC Electrical Characteristics vcc=5v, Ta=25°C, C =15 pF, t-=t;=6 ns 


Maximum Operating Frequency} 80 | eof 


tpHL, tpLH | Maximum Propagation (Note 5) 
Delay Clock to Q 
tPpHL Maximum Propagation 
Delay Reset to any Q 
Minimum Reset 
ir Time 
[tw | Minimum Puise Width es Ee ee 


AC Electrical Characteristics Voc=2.0V to 6.0V, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


en 74HC 54HC 
Symbol Parameter AX Ta= —40 to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 


{MAX Maximum Operating 
Frequency 


tpHL: tpt | Maximum Propagation 
Delay Clock to Q; 
6.0V 


TpHL, tpLH | Maximum Propagation 


Delay Between Stages 
from Qp to Qn+1 


tpHL - | Maximum Propagation 


2.0V 

4.5V 

6.0V 

2.0V 

Delay Reset to Q 4.5V 

(4024 only) 6.0V 
tepHL Maximum Propagation 2.0V 
Delay Reset to any Q 4.5V 
(4020 and 4040) 6.0V 


tREM Minimum Reset 


Removal Time 





tw Minimum Pulse Width 


trtH. trHL =| Maximum 
Output Rise 
and Fall Time 


ty, te Maximum Input Rise and 
Fall Time 
Power Dissipation (per package) 
Capacitance (Note 6) 
Cin Maximum Input 
Capacitance 





MHz 
MHz 
MHz 


ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


pF 


pF 


Note 5: Typical Propagation delay time to any output can be calculated using: tp = 17+ 12(N-1) ns; where N is the number of the output, Qw, at Voc = 5V. 
Note 6: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ !oc Voc, and the no load dynamic current consumption, ls =Cpp Vcc f+ Icc. 
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MM54HC4020/MM74HC4020/MM54HC4040/MM74HC4040 


TL/F/5216-5 
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Logic Diagrams 


MM54HC4040/MM74HC4040 


TL/F/5216-7 
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MM54HC4020/MM74HC4020/MM54HC4040/MM74HC4040 
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National | 
Semiconductor 


MM54HC4046/MM74HC4046 
CMOS Phase Lock Loop 


General Description 


The MM54HC4046/MM74HC4046 is a low power phase 
lock loop utilizing advanced silicon-gate CMOS technology 
to obtain high frequency operation both in the phase com- 
parator and VCO sections. This device contains a low power 
linear voltage controlled oscillator (VCO), a source follower, 
and three phase comparators. The three phase compara- 
tors have a common signal input and a common comparator 
input. The signal input has a self biasing amplifier allowing 
signals to be either capacitively coupled to the phase com- 
parators with a small signal or directly coupled with standard 
input logic levels. This device is similar to the CD4046 ex- 
cept that the Zener diode of the metal gate CMOS device 
has been replaced with a third phase comparator. 


Phase Comparator | is an exclusive OR (XOR) gate. It pro- 
vides a digital error signal that maintains a 90 phase shift 
between the VCO’s center frequency and the input signal 
(50% duty cycle input waveforms). This phase detector is 
more susceptible to locking onto harmonics of the input fre- 
quency than phase comparator I, but provides better noise 
rejection. 


Phase comparator Ill is an SR flip-flop gate. It can be used 
to provide the phase comparator functions and is similar to 
the first comparator in performance. 


Phase comparator II is an edge sensitive digital sequential 
network. Two signal outputs are provided, a comparator out- 
put and a phase pulse output. The comparator output is a 
TRI-STATE® output that provides a signal that locks the 
VCO output signal to the input signal with 0 phase shift 


Block and Connection Diagrams 


SIGNAL 
IN 


PHASE 
fi COMPARATOR Ii 2 | 


TL/F/5352-1 


between them. This comparator is more susceptible to 
noise throwing the loop out of lock, but is less likely to lock 
onto harmonics than the other two comparators. 

In a typical application any one of the three comparators 
feed an external filter network which in turn feeds the VCO 
input. This input is a very high impedance CMOS input 
which also drives the source follower. The VCO’s operating 
frequency is set by three external components connected to 
the C1A, C1B, R1 and R2 pins. An inhibit pin is provided to 
disable the VCO and the source follower, providing a meth- 
od of putting the IC in a low power state. 

The source follower is a MOS transistor whose gate is con- 
nected to the VCO input and whose drain connects the De- 
modulator output. This output normally is used by tying a 
resistor from pin 10 to ground, and provides a means of 
looking at the VCO input without loading down modifying the 
characteristics of the PLL filter. 


Features 

mw Low dynamic power consumption 

m Maximum VCO operating frequency: 

(Vcc = 4.5V) 

m Fast comparator response time (Vcc =4.5V) 
Comparator |: 
Comparator II: 30 ns 
Comparator III: 25 ns 

m VCO has high linearity and high temperature stability 


(Voc = 4.5V) 
12 MHz 


25 ns 


Dual-in-Line Package 


PHASE PULSES Vpo 
PHASE COMP | OUT PHASE COMP III OUT 
COMPARATOR IN SIGNAL IN 
VCO OUT PHASE COMP Il OUT 
INHIBIT 
Cia 
C1 DEMODULATOR OUT 


Vss VCO IN 


TOP VIEW 


TL/F/5352-2 


Order Number MM54HC4046* or MM74HC4046* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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MM54HC4046/MM74HC4046 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5 to + 7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (ix, lox) +20mA 
DC Output Current per pin (lout) £25mA 
DC Vcc or GND Current, per pin (icc) +50mA 
Storage Temperature Range (Tstg) —65°C + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 260°C 


600 mW 
500 mW 


DC Electrical Characteristics (Note 4) 


Parameter 


Minimum High Level Input 
Voltage 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output 
Voltage 


Vin = Vin or Vit 
lout] S20 pA 


Vin= Vin OF ViL 
lout] <4.0 mA 
llout| $5.2 mA 


Vin= Vin oF ViL 
lout] $20 pA 


Maximum Low Level Output 
Voltage 


Vin = Vin oF Vit 
lout] $4.0 mA 
lloyt| <5.2 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HG 
Input Rise or Fall Times 
(t,, ts) Voc = 2.0V 
Voc= 4.5V 
Voc=6.0V 


ae re _ 7AHC 54HC 
A —40 to 85°C | Ta = —55 to 125°C | Units 


Guaranteed Limits 


1.5 1.5 
3.15 3.15 
4.2 4.2 


0.5 


1.8 


1.9 
4.4 
5.9 


Maximum Input Current (Pins 3,6,9) | Viv= Voc or GND CE 
Maximum Input Current (Pin 14) Vin= Voc or GND le.ov] 20] 50] so | 


Maximum TRI-STATE Output Vout=Vcc or GND | 6.0V +0.5 2 10 
Leakage Current (Pin 13) 


Maximum Quiescent Supply 
Current 


ep 
ine 0 pA 


Vin = Voc or GND |6.0V 
Pin 14 Open 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic '‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (VoH, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj} and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (I\n, 
Ioc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


** Vi limits are currently tested at 20% of Vcc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY'89. 





AC Electrical Characteristics Voc =2.0 to 6. fae CL=50 pF, t,=ty=6 ns (unless otherwise specified.) 


Parameters. Conditions T=25C 74HC | 54HC | Units 
Guaranteed Limits 


AC Coupled C (series) = 100 pF 2. Ea 100 150 200 
Input Sensitiv- fin = 500 kHz 4.5V 150 200 250 


ity, Signal In 6.0V 250 300 350 


Maximum Output 2.0V 75 95 110 
Rise and Fall 4.5V a 15 19 22 
Time 6. ca 7 12 15 19 
Maximum Input 
Capacitanca 


Phase Comparator | 


teHL, tpLH Maximum Prop- 2.0V 65 200 250 
agation Delay 4.5V 40 50 
6.0V 34 43 


Phase Comparator Il 


Maximum TRI- 2.0V e 225 280 

STATE Enable 4.5V 45 56 

Time 6.0V 38 48 
tpzZH, tpHz Maximum TRI- 2.0V 240 300 

STATE Enable 4.5V 

Time 6.0V 


Maximum TRI- 2.0V 
STATE Disable 4.5V 
Time 6.0V 28 41 51 


SPOPOHPZWW/S9POPOHPSINN 


tpHL tpLH Maximum Prop- 2.0V 100 250 310 
agation Delay 4.5V 34 50 63 
High to Low 6.0V 27 43 53 
to Phase Pulses 


Phase Comparator Ill 


tpHL, teLH Maximum Prop- 2.0V be oy ay ve 
agation Delay 4.5V 
6.0V 
Maximum Power A\l Comparators 130 
Dissipation Vin =Vcoc and GND 
Capacitance 


Voltage Controlled Oscillator (Specified to operate from Vcc = 3.0V to 6.0V) 


Maximum 
Operating : 4.5 
Frequency = ; 7 


Demodulator Output 3 
VCOin-Vdem 
4.5V 





Offset Rs = 20k 

Variation VCOin = 1.75V 
2.25V 
2.75V 
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MM54HC4046/MM74HC4046 


Typical Performance Characteristics 


Typical Center Frequency Typical Center Frequency 
vsR1,C1 Voc = 4.5V vsR1,C1 Vcc = 6V 


VCOw=Vo¢/2 R2=OPEN . VCOw=Vo/2 R2=0PEN 
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CAPACITANCE (F) senna CAPACITANCE (F) 


TL/F/5352-16 


Typical Offset Frequency Typical Offset Frequency 
vs R2,C1 Vcc = 4.5V vs R2, C1 Vcc = 6V 
T=25°C VCOy=GND RI=OPEN T=25°C VCO,=GND R1=OPEN 
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Typical Performance Characteristics (continued) 


HC4046 Typical VCO Power Dissipation HC4046 Typical VCO Power 
@ Center Frequency vs R1 Dissipation @ fmin VS R2 
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HC4046 VCOpout VS HC4046 VCOout vs 
Temperature Vcc = 4.5V Temperature Vcc = 6V 
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MM54HC4046/MM74HC4046 


Typical Performance Characteristics (continued) 


HC4046 Typical Source Follower Typical fmax/fmin VS R2/R1 
Power Dissipation vs RS Voc = 4.5V & 6V fmax/fmin 


WeourYoo/?2 RI=R2=OPEN T=25°C Voo=4.5V AND 6V 


ee (fmax=VCOW=Vec) (frnin=VCOW=Vgg) T=25°C 
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TL/F/5352-25 TL/F/5352-26 
HC4046 Typical VCO Linearity vs R1 & C1 HC4046 Typical VCO Linearity vs R1 &C1 
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FIGURE 1 
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Comparator | 


-Given: fo and f, 

—Calculate fmin from the 
equation fmin = fo — fL 

-Use fmin with curve titled 
offset frequency vs R2, C 
to determine R2 and C1 

-Calculate fmax/fmin from 
the equation fmax/fmin = 
fo + fi/fo — fi 

—Use fmax/fmin with curve 
titled fmax/fmin VS R2/R1 
to determine ratio R2/R1 
to obtain R1 


—Use fp with curve titled 
center frequency vs R1, C 
to determine R1 and C1 


Comparator I! & Ill 


-Given: fmax 

-Calculate fo from the 
equation fo = fmax/2 

—Use fp with curve titled 
center frequency vs R1, C 


-Given: fmin and fmax 
—Use fmin with curve titled 
offset frequency vs R2, 
C to determine R2 and C1 
~Calculate fmax/fmin 


to determine R1 and C1 —Use fmax/fmin with curve 
to determine ratio R2/R1 


to obtain R1 


FIGURE 1 (Continued) 


Detailed Circuit Description 


VOLTAGE CONTROLLED OSCILLATOR/SOURCE 
FOLLOWER 


The VCO requires two or three external components to op- 
erate. These are R1, R2, C1. Resistor R1 and capacitor C1 
are selected to determine the center frequency of the VCO. 
R1 controls the lock range. As R1’s resistance decreases 
the range of fmin to fmax increases. Thus the VCO’s gain 
decreases. As C1 is changed the offset (if used) of R2, and 
the center frequency is changed. (See typical performance 
curves) R2 can be used to set the offset frequency with OV 
at VCO input. If R2 is omitted the VCO range is from OHz. As 
R2 is decreased the offset frequency is increased. The ef- 


Voc 
DEMODULATOR (10) 
OUT 
(4) 


yco OUT e 


CURRENT 


fect of R2 is shown in the design information table and typi- 
cal performance curves. By increasing the value of R2 the 
lock range of the PLL is offset above OHz and the gain 
(Volts/rad.) does not change. In general, when offset is de- 
sired, R2 and C1 should be chosen first, and then R1 should 
be chosen to obtain the proper center frequency. 


Internally the resistors set a current in a current mirror as 
shown in Figure 1. The mirrored current drives one side of 


TL/F/§352-3 


FIGURE 2. Logic Diagram for VCO 
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MM54HC4046/MM74HC4046 


Detailed Circuit Description (continued 


the capacitor once the capacitor charges up to the thresh- 
old of the schmitt trigger the oscillator logic flips the capaci- 
tor over and causes the mirror to charge the opposite side 
of the capacitor. The output from the internal logic is then 
taken to pin 4. 


The input to the VCO is a very high impedance CMOS input 
and so it will not load down the loop filter, easing the filters 
design. In order to make signals at the VCO input accessible 
without degrading the loop performance a source follower 
transistor is provided. This transistor can be used by con- 
necting a resistor to ground and its drain output will follow 
the VCO input signal. 

An inhibit signal is provided to allow disabling of the VCO 
and the source follower. This is useful if the internal VCO is 
not being used. A logic high on inhibit disables the VCO and 
source follower. ; 
The output of the VCO is a standard high speed CMOS 
output with an equivalent LSTTL fanout of 10. The VCO 


c------------- 


Vec 


INPUT CIRCUITRY COMMON TO ALL 
COMPARATORS 


Lo orn 


output is approximately a square wave. This output can ei- 
ther directly feed the comparator input of the phase compar- 
ators or feed external prescalers (counters) to enable fre- 
quency synthesis. es 


PHASE COMPARATORS 


All three phase comparators share two inputs, Signal in and 
Comparator In. The Signal In has a special DC bias network 
that enables AC coupling of input signals. If the signals are 
not AC coupled then this input requires logic levels the 
same as standard 54HC/74HC. The Comparator input is a 
standard digital input. Both input structures are shown in 
Figure 3. 

The outputs of these comparators are essentially standard 
54HC/74HC voltage outputs. (Comparator Il is TRI-STATE.) 


(2) PHASE COMPARATOR | 
OUTPUT 


TO OTHER COMPARATORS 


TL/F/5352-4 


FIGURE 3. Logic Diagram for Phase Comparator | and the common input circuit for all three comparators 


SIGNAL IN | | : | | , 
COMPARATOR 
IN ; 
PHASE COMPARATOR I 
OUTPUT 


vCoIN RN eee 


TL/F/5352-5 


FIGURE 4. Typical Phase Comparator |. Waveforms 
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Detailed Circuit Description (Continued) 


Thus in normal operation Vcc and ground voltage levels are 
fed to the loop filter. This differs from some phase detectors 
which supply a current output to the loop filter and this 
should be considered in the design. (The CD4046 also pro- 
vides a voltage.) 


Figure & shows the state tables for all three comparators. 


PHASE COMPARATOR | 


This comparator is a simple XOR gate similar to the 
54/74HC86, and its operation is similar to an overdriven 
balanced modulator. To maximize lock range the input fre- 
quencies must have a 50% duty cycle. Typical input and 
output waveforms are shown in Figure 4. The output of the 
phase detector feeds the loop filter which averages the out- 
put voltage. The frequency range upon which the PLL will 
lock onto if initially out of lock is defined as the capture 
range. The capture range for phase detector | is dependent 
on the loop filter employed. The capture range can be as 
large as the lock range which is equal to the VCO frequency 
range. 


To see how the detector operates refer to Figure 4. When 
two square wave inputs are applied to this comparator, an 
output waveform whose duty cycle is dependent on the 
phase difference between the two signals results. As the 
phase difference increases the output duty cycle increases 
and the voltage after the loop filter increases. Thus in order 
to achieve lock, when the PLL input frequency increases the 


Phase Comparator State Diagrams 


VCO input voltage must increase and the phase difference 
between comparator in and signal in will increase. At an 
input frequency equal fmin, the VCO input is at OV and this 
requires the phase detector output to be ground hence the 
two input signals must be in phase. When the input frequen- 
cy is fmax then the VCO input must be Vcc and the phase 
detector inputs must be 180° out of phase. 


The XOR is more susceptible to locking onto harmonics of 
the signal input than the digital phase detector II. This can 
be seen by noticing that a signal 2 times the VCO frequency 
results in the same output duty cycle as a signal equal the 
VCO frequency. The difference is that the output frequency 
of the 2f example is twice that of the other example. The 
loop filter and the VCO range should be designed to prevent 
locking on to harmonics. 


PHASE COMPARATOR II 


This detector is a digital memory network. It consists of four 
flip-flops and some gating logic, a three state output and a 
phase pulse output as shown in Figure 6. This comparator 
acts only on the positive edges of the input signals and is 
thus independent of signal duty cycle. 


Phase comparator Il operates in such a way as to force the 
PLL into lock with 0 phase difference between the VCO 
output and the signal input positive waveform edges. Figure 
7 shows some typical loop waveforms. First assume that 
the signal input phase is leading the comparator input. This 


PHASE COMPARATOR | 


INPUT STATE 
COMPARATOR 


8 @ 


SIGNAL 
IN 


INPUT STATE 
COMPARATOR 


: 
SIGNAL 


PHASE COMP Il OUT 
PHASE PULSES 


COMPARATOR 
IN 


SIGNAL 
IN 


| 
——— (01) 


FIGURE 5. PLL State Tables 
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MM54HC4046/MM74HC4046 


FROM SIGNAL 
INPUT CIRCUIT 


(13) PHASE COMPARATOR I! 


OUTPUT 


(1) PHASE PULSES 
OUTPUT 


FROM COMPARATOR 
INPUT CIRCUIT 


FIGURE 6. Logic Diagram for Phase Comparator II 


SIGNAL IN | | | | | 
COMPARATOR 
IN 


COMPARATOR tt 
out 


-fL----4 ------------ 
peeiiaaee Oe ae 


PHASE 
PULSES 


FIGURE 7. Typical Phase Comparator Ii Output Waveforms 
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Detailed Circuit Description (continued) 


means that the VCO’s frequency must be increased to bring 
its leading edge into proper phase alignment. Thus the 
phase detector II output is set high. This will cause the loop 
filter to charge up the VCO input increasing the VCO fre- 
quency. Once the leading edge of the comparator input is 
detected the output goes TRI-STATE holding the VCO input 
at the loop filter voltage. If the VCO still lags the signal then 
the phase detector will again charge up to VCO input for the 
time between the leading edges of both waveforms. 


If the VCO leads the signal then when the leading edge of 
the VCO is seen the output of the phase comparator goos 
low. This discharges the loop filter until the leading edge of 
the signal is detected at which time the output TRI-STATE 
itself again. This has the effect of slowing down the VCO to 
again make the rising edges of both waveform coincident. 


When the PLL is out of lock the VCO will be running either 
slower or faster than the signal input. If it is running slower 
the phase detector will see more signal rising edges and so 
the output of the phase comparator will be high a majority of 
the time, raising the VCO’s frequency. Conversely, if the 
VCO is running faster than the signal the output of the de- 
tector will be low most of the time and the VCO’s output 
frequency will be decreased. 


As one can see when the PLL is locked the output of phase 
comparator II will be almost always TRI-STATE except for 
minor corrections at the leading edge of the waveforms. 
When the detector is TRI-STATE the phase pulse output is 
high. This output can be used to determine when the PLL is 
in the locked condition. 


This detector has several interesting characteristics. Over 
the entire VCO frequency range there is no phase differ- 
ence between the comparator input and the signal input. 
The lock range of the PLL is the same as the capture range. 


FROM INPUT CIRCUIT ®@ 
(FIGURE 3) 


FROM INPUT CIRCUIT 
(FIGURE 3) 


Minimal power is consumed in the loop filter since in lock 
the detector output is a high impedance. Also when no sig- 
nal is present the detector will see only VCO leading edges, 
and so the comparator output will stay low forcing the VCO 
to fmin Operating frequency. 

Phase comparator II is more susceptible to noise causing 
the phase lock loop to unlock. If a noise pulse is seen on the 
signal input, the comparator treats it as another positive 
edge of the signal and will cause the output to go high until 
the VCO leading edge is seen, potentially for a whole signal 
input period. This would cause the VCO to speed up during 
that time. When using the phase comparator | the output of 
that phase detector would be disturbed for only the short 
duration of the noise spike and would cause less upset. 


PHASE COMPARATOR II! 


This comparator is a simple S-R Flip-Flop which can func- 
tion as a phase comparator Figure. 8. It has some similar 
characteristics to the edge sensitive comparator. To see 
how this detector works assume input pulses are applied to 
the signal and comparator inputs as shown in Figure 9. 
When the signal input leads the comparator input the flop is 
set. This will charge up the loop filter and cause the VCO to 
speed up, bringing the comparator into phase with the sig- 
nal input. When using short pulses as input this comparator 
behaves very similar to the second comparator. But one can 
see that if the signal input is a long pulse, the output of the 
comparator will be forced to a one no matter how many 
comparator input pulses are received. Also if the VCO input 
is a square wave (as it is) and the signal input is pulse then 
the VCO will force the comparator output low much of the 
time. Therefore it is ideal to condition the signal and com- 
parator input to short pulses. This is most easily done by 
using a series capacitor. 


(15). PHASE COMPARATOR 
I OUTPUT 
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FIGURE 8. Phase Comparator III Logic Diagram 


SIGNAL IN | | | 
COMPARATOR IN | | | | | | 
COMPARATOR II! 

ouT 


VCO IN ee ee 


FIGURE 9. Typical Waveforms for Phase Comparator Ill 
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MM54HC4049/MM74HC4049 


Hex Inverting Logic Level Down Converter 


MM54HC4050/MM74HC4050 


Hex Logic Level Down Converter 


General Description 


The MM54HC4049/MM74HC4049 and the MM54HC4050/ 
MM?74HC4050 utilize advanced silicon-gate CMOS technol- 
ogy, and have a modified input protection structure that en- 
ables these parts to be used as logic level translators which 
will convert high level logic to a low level logic while operat- 
ing from the low logic supply. For example, 0-15V CMOS 
logic can be converted to 0-5V logic when using a 5V sup- 
ply. The modified input.protection has no diode connected 
to Vcc, thus allowing the input voltage to exceed the supply. 
The lower zener diode protects the input from both positive 
and negative static voltages. In addition each part can be 
used as a simple buffer or inverter without level translation. 
The MM54HC4049/MM74HC4049 is pin and functionally 


Connection Diagrams 


Dual-In-Line Package 


NC 


H=B 8 


TOP VIEW 
TL/F/5214-1 
"HC4049 


compatible to the CD4049BM/CD4049BC and the 
MM54HC4050/MM74HC4050_ ~is’ compatible to the 
CD4050BM/CD4050BC 


Features 

@ Typical propagation delay: 8 ns 

m Wide power supply range: 2V-6V 

m Low quiescent supply current: 20 »A maximum (74HC) 
@ Fanout of 10 LS-TTL loads 


Dual-In-Line Package 
NC K=E E 


H=B 8 


TOP VIEW 
TL/F/5214-2 
"HC4050 


Order Number MM54HC4049/MM54HC4050* 
or MM74HC4049/MM74HC4050* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5to +18V 
DC Output Voltage (Vout) —-0.5 to Voc + 0.5V 
Clamp Diode Current (Izx, lox) —20mA 
DC Output Current, per pin (lout) +25mA 
DC Voc or GND Current, per pin (Icc) +50 mA 
Storage Temp. Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T;) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Minimum High Level Input 
Voltage 


Maximum Low Level Input 
Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin or Vit 
lout] $20 pA 


Vin = Vin oF ViL 
lloutl<4.0 mA 
llourl| $5.2 mA 


Maximum Low Level 
Output Voltage 


Vin= Vin oF Vit 
llour|<20 pA 


Vin= Vin oF Vit 
lloutl <4mA 
llout|<5.2 mA 


Maximum Input Current 


Vin=tsv___[2ov] | 


Maximum Quiescent Supply | Vin=Vcoc or GND |} 6.0V 
Current louT=0 pA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input Voltage 0 
(Vin) 
DC Output Voltage 
(Vout) 
Operating Temp. Range (Ta) 
MM74HG 
MM54HC 
Input Rise or Fal! Times 
(t,t) Vcc=2.0V 
Voc =4.5V 
Vcc=6.0V 


—40 
—55 


74HC 54HC 
Ta=—40°C to 85°C | Ta = —55°C to 125°C | Units 


Guaranteed Limits 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.5 


1.9 
4.4 


5.9 5.9 


3.98 
5.48 


3.84 
5.34 


0.1 
0.1 
0.1 


0.1 


0.26 
0.26 


+0.1 
£0.5 
40 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vi, occur at Voc =5.5V and 4.5V respectively. (The V4 value at 5.5V is 3.85V.) The worst case leakage current (lin, 
Icc, loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcoc=5v, T,=25°C, C.=15 pF, t,=t;=6 ns 


AC Electrical Characteristics vo.=2.0v to 6.0v, C, =50 pF, tp=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HC 54HC 
Parameter Conditions A Ta=—40° to 85°C | Ta=—55° to 125°C 


Guaranteed Limits 


tpHL, tpLy | Maximum Propagation 2.0V 130 
Delay 4.5V 
6.0V 


trot, tTLH | Maximum Output 2.0V |} 25 
Rise and Fall 4.5V 7. 
Time 6.0V 6 


13 16 
Power Dissipation (per gate) 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no toad dynamic power consumption, Pp = Cpp Voc? f+ loc Vcc, and the no load dynamic current consumption, Is=Cpp Voc f+Icc. 


MM54HC4049/MM74HC4049/MM54HC4050/MM74HC4050 
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National | 
Semiconductor 


MM54HC4051/MM74HC4051 
8-Channel Analog Multiplexer 
MM54HC4052/MM74HC4052 

Dual 4-Channel! Analog Multiniexer 
MM54HC4053/MM74HC4053 | 
Triple 2-Channel Analog Multiplexer 


General Description 


These multiplexers are digitally controlled analog switches 
implemented in advanced silicon-gate CMOS technology. 
These switches have low “on” resistance and low “off” 
leakages. They are bidirectional switches, thus any analog 
input may be used as an output and vice-versa. Also these 
switches contain linearization circuitry which lowers the on 
resistance and increases switch linearity. These devices al- 
low control of up to +6V (peak) analog signals with digital 
control signals of 0 to 6V. Three supply pins are provided for 
Vcc, ground, and Veg. This enables the connection of 0-5V 
logic signals when Vcc=5V and an analog input range of 
+5V when Vee = SV. All three devices also have an inhibit 
control which when high will disable all switches to their off 
state. All analog inputs and outputs and digital inputs are 
protected from electrostatic damage by diodes to Voc and 
ground. 

MM54HC4051/MM74HC4051: This device connects to- 
gether the outputs of 8 switches, thus achieving an 8 chan- 
nel Multiplexer. The binary code placed on the A, B, and C 
select lines determines which one of the eight switches is 
“on’’, and connects one of the eight inputs to the common 
output. 
MM54HC4052/MM74HC4052: This device connects to- 
gether the outputs of 4 switches in two sets, thus achieving 


Connection Diagrams 


a pair of 4-channel multiplexers. The binary code placed on 


the A, and B select lines determine which switch in each 4 
channel section is ‘“‘on”’, connecting one of the four inputs in 
each section to its common output. This enables the imple- 
mentation of a 4-channel differentia! multiplexer. 
MM54HC4053/MM74HC4053: This device contains 6 
switches whose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent of 3 single-pole-double throw configurations. 
Each of the A, B, or C select lines independently controls 
one pair of switches, selecting one of the two switches to be 
“on”. 


Features 
m@ Wide analog input voltage range: +6V 
m Low “on” resistance: 50 typ. (Voc-VegE = 4.5V) 
30 typ. (Voc-VeE = 9V) 
@ Logic level translation to enable 5V logic with +5V 
analog signals 
m Low quiescent current: 80 »A maximum (74HC) 
m Matched Switch characteristic 


Dual-In-Line Packages 


IN/OUT 


Ya YG OUT/IN Y7 Y5 
—— ee —— amen 
IN/OUT IN/OUT 


INH Vee GND 


TL/F/5353~1 
Top View 


Top View 


OUT/IN IN/OUT 
—_——__ 


6 8 
C C INH Vee GND 
QUT/IN IN/OUT 


TL/F/5353-2 TL/F/5353-3 


Top View 


Order Number MM54HC4051*, MM74HC4051*, MM54HC4052*, 


MM74HC4052*, MM54HC4053* or MM74HC4053* 


*Please look into Section 8, Appendix D for availability of various package types. 
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MM54HC4051/MM74HC4051/MM54HC4052/MM74HC4052/MM54HC4053/MM74HC4053 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. Supply Voltage (Veg) 0 
Supply Voltage (Vcc) —0.5 to +7.5V DC Input or Output Voltage 
Supply Voltage (Veg) +0.5 to —7.5V (Vin, Vout) 
Control Input Voltage (Vin) —1.5 to Voo+1.5V Operating Temp. Range (Ta) 
Switch 1/O Voltage (Vio) VeE—0.5 to Voc + 0.5V MM74HC —40 
Clamp Diode Current (lik, lox) +20mA Most =e 
Output Current, per pin (lout) +25 mA wre ue or Fall Times Wess 
Voc or GND Current, per pin (Icc) +50 mA a = 4.5V 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc =6.0V 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


cela 74HC. 54HC 
Parameter Conditions . Ta= —40 to 85°C) Ta= —55 to 125°C Units 
Guaranteed Limits 
1.5 
3.15 


Minimum High Level 
Input Voltage 


Maximum Low Level 2. 0.5 0.5 
input Voltage** 
1.8 


240 
170 
140 


; 320 

Vis=Vcc or Vee i 140 170 
(Figure 1) ‘ , 120 140 
100 115 


Maximum “ON” Resistance [VotL= Vit ; 
Matching Vis= Vcc to GND ; é 
—6.0V/6.0V; 5} 10 

Maximum Control Vin= Voc or GND +0.1 
Input Current Voc =2-6V 
Maximum Quiescent Vin= Vcc or GND GND sey 
Supply Current louT=0 pA - 1—6.0V}6.0 ies 
Maximum Switch “OFF” Vos=Vcc Or Vee GND |6.0V +600 +600 
Leakage Current Vis= Vee or Vcc —6.0V/6.0V +1000 + 1000 
(Switch Input) VINH= Vik (Figure 2) 
Maximum Switch 6.0V 
“ON” Leakage = ue ay 6.0V 
Current 

. GND {6.0V 


—6.0V]6.0V 


GND }6.0V 
—6.0V/6.0V 
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DC Electrical Characteristics (Note 4) (Continued) 


Parameter 


Maximum Switch Vos=Vec or Veg} GND |6.0V : +2.0 

“OFF” Leakage HC4051 | Vis= Vee or Vcc | —6.0V) 6.0V +0. +4.0 
Current (Common Vind = Vin 

Pin) = GND |6.0V £1.0 

—6.0V} 6.0V ; +2.0 

+£0.1 +1.0 +1.0 

+1.0 +1.0 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N" package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case Viy and Vi_ occur at Voc = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS at 
the higher voltage and so the 5.5V values should be used. 


Note 5: At supply voltages (Vcc-Veg) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 


Note 6: Adjust 0 dB for f = 1 kHz (Null R1/Ron Attenuation). 
** Vi limits are currently tested at 20% of Voc. The above Vy, specification (830% of Voc) will be implemented no later than Q1, CY’89. 


AC Electrical Characteristics vo. =2.0v-6.0v, Vee =0Vv-6V, C, =50 pF (unless otherwise specified) 


Parameter 


Typ Guaranteed Limits 


tpHL, tpLy| Maximum Propagation : 25 | 60 75 90 
Delay Switch In to ; 5 12 15 18 

Out ‘ : 4 8 12 

F : 3 7 11 


ESOPOHYZWW/ESOPOHPSININ/2SOPOHPZWIN/CSOPOHPSINW/ LSOPOHPZWIN/LSOPOHPSIIN 


tpzi, tezH{| Maximum Switch Turn : 92 
“ON” Delay ; 

: : 16 

; : 15 


355 
69 
46 
41 

tpyz, tpLz] Maximum Switch Turn 65 | 290 
“OFF” Delay 28 | 58 
18 | 37 
H A 16 | 32 
Minimum Switch GND }4.5V] 30 
Frequency Response —4.5V\4.5V)] 35 
20 log (V\/Vo) =3 dB 
Control to Switch OV |4.5V| 1080 
Feedthrough Noise —4.5V|4.5V| 250 
Crosstalk between RL =6000, |Vis=4Vpp | OV | 4.5 | —52 
any Two Switches f=1MHz |Vis=8Vpp | —4.5V/4.5V| —50 
Switch OFF Signal RL =6000, |Vis=4Vpp | OV [4.5V| —42 
Feedthrough —4.5V|4.5V; —44 
Isolation = 
Sinewave Harmonic {R,_=10k0,|Vis=4Vpp | OV [4.5V/0.013 
Distortion C_=50 pF, | Vis =8 Vpp | —4.5V}4.5V) 0.008 
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MM54HC4051/MM74HC4051/MM54HC4052/MM74HC4052/MM54HC4053/MM74HC4053 


AC Electrical Characteristics 
Voc = 2.0V-6.0V, Vee =0V-6V, C, =50 pF (unless otherwise specified) (Continued) 


ips 74HC 54HC 
Parameter Conditions A* = —40 to 85°C pee — 55 to 125°C | Units 
Typ | | ss GuaranteedLimits =i Limits 


Maximum Control 
Input Capacitance 


Maximum Switch Input 

Input Capacitance 4051 Common a 
4052 Common = 
4053 Common 

Maximum Feedthrough 

Capacitance 


Truth Tables 


"4051 


mes aj eww] [mfe af x Ty 


pate bak 


x 
x= 


m 


TrurTrimirrererrexK 
ITrmreretirre.-EX 
a AD pee A pods EAD ae BARR) meee 
[rem ci res oi Coeel rana eee 

TriIatmToiIrrrer x 
Bor here x 
a ol peed 2 ee SA ec BG co 


L 
L 
L 
L 
L 
L 
L 
L 


AC Test Circuits and Switching Time Waveforms 


Vinh = Vit Vinn = Vin 


AMMETER CONTROL Vec 


CONTROL Vv 
« Vis = Vee OR Voc Y ‘ante 


Vee 


Vos = Vcc OR Veg 


TEST 
SWITCH id 


VeE Vee 
TL/F/5353-5 
FIGURE 2. “OFF” Channel Leakage Current 


TL/F/5353~4 


OFF 
Vis = Voc TO Vee SWITCH 


FIGURE 1. “ON” Resistance 


AMMETER 


Vig = Vec TO Vee 





TL/F/5353-6 
FIGURE 3. “ON” Channel Leakage Current 
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AC Test Circuits and Switching Time Waveforms (continue) 


Vink = Vit 


CONTROL Vcc 


10F 4 
10 SWITCHES 
Vee 


TL/F/5353-7 
FIGURE 4. tpy, tp_y Propagation Delay Time Signal Input to Signal Output 


tezL tpLz 
tpzi biz 
Vec 
CONTROL Vcc 50% 50% 
vo. 10F 4 ov ov 
SWITCHES tez. tpLz 
Vee Voo 90% Von 
10% 
Vor Vo 


TL/F/5353-8 
FIGURE 5. tpz_, tp_Lz Propagation Delay Time Control to Signal Output 


tpHz 


Vee 


Voc Voc 
CONTROL Vcc 50% 
TEST ov 
Y switcn 9! a 
Vv 
OH 9 
ov 


FIGURE 6. tpzy, tpyz Propagation Delay Time Control to Signal Output 


TL/F/5353-9 


CONTROL Vcc 


10F4 
switcHesCUT/IN 


Vee 


1N/OUT 


TL/F/5353-10 
FIGURE 7. Crosstalk: Control input to Signal Output 
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MM54HC4051/MM74HC4051/MM54HC4052/MM74HC4052/MM54HC4053/MM74HC4053 


AC Test Circuits and Switching Time Waveforms (Continue) 
Vinnqa) = Vec 


60001 CONTROL Vee 


ov 


TL/F/5353-11 
FIGURE 8. Crosstalk Between Any Two Switches 


Logic Diagrams 
MM54HC4051/MM74HC4051 
CHANNEL IN/OUT 


Vcc 


was COMMON 
10 
LOGIC 10F8 QUT/IN 


LEVE 
DECODER 
CONVERSION WITH 


INHIBIT 


TL/F/5353-19 
MM54HC4052/MM74HC4052 
X CHANNELS IN/OUT 


COMMON X 
OUT/IN 


COMMON Y 
LoGiCc QUT/IN 


LEVEL 
CONVERSION _ 


Ne 
Y CHANNELS IN/OUT TL/F/5353-20 
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Logic Diagrams (Continued) 
MM54HC4053/MM74HC4053 
BINARY TO 
10F 2 
DECODERS IN/OUT 


WITH 
INHIBIT 


OUT/IN 
BX or BY 


TL/F/5353-21 


Typical Performance Characteristics 


Typical “On” Resistance 
vs Input Voltage 


a 
uw 
2 
— 
2 
3 
c 
z 
= 


INPUT VOLTAGE (VOLTS) 
Voc = —Vee TL/F/5353~-18 


Special Considerations 


In certain applications the external load-resistor current may 
include both Vco and signal line components. To avoid 
drawing Vcc current when switch current flows into the ana- 
log switch pins, the voltage drop across the switch must not 
exceed 1.2V (calculated from the ON resistance). 
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MM54HC4060/MM74HC4060 





National 
Semiconductor 


MM54HC4060/MM74HC4060 
14 Stage Binary Counter 


General Description 


The MM54HC4060/MM74HC4060 is a high speed binary 
ripple carry counter. These counters are implemented utiliz- 
ing advanced silicon-gate CMOS technology to achieve 
speed performance similar to LS-TTL logic while retaining 
the low power and high noise immunity of CMOS. 


The ’HC4060 is a 14-stage counter, which device incre- 
ments on the falling edge (negative transition) of the input 
clock, and all their outputs are reset to a low level by apply- 
ing a logical high on their reset input. The 'HC4060 also has 
two additional inputs to enable easy connection of either an 
RC or crystal oscillator. 


Connection and Logic Diagrams 


This device is pin equivalent to the CD4060. All inputs are 
protected from damage due to static discharge by protec- 
tion diodes to Vcc and ground. 


Features 

g Typical propagation delay: 16 ns 

m Wide operating voltage range: 2-6V 

m Low input current: 1 pA maximum —_. 

m Low quiescent current: 80 pA maximum (74 Series) 
mw Output drive capability: 10 LS-TTL loads 


Dual-In-Line Package 


Vec Q10 a8 Qg 


i CLOCK CLOCK 1 CLOCK 2 


ie 





a12 013 Q14 Q6 


Qs Q7 04 GND TL/F/5354-1 


Top View 
Order Number MM54HC4060* or MM74HC4060* 


*Please look into Section 8, Appendix D for availability of various package types. 


CLOCK 2 
CLOCK 1 


TL/F/5354-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 6 Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc - V 
Supply Voltage (Vcc) , —0.5 to +7.0V (Vin. Vout) 
DC Input Voltage (Vij) —1.5 to Voc + 1.5V ; 
DC Output Voltage (Vout) - =0.5to Veo +0.5V el Range (Ta) 
Clamp Diode Current (Icp) . +20mA MM54HCT 
DC Output Current, per pin (lout) +25 mA ; ; 
DC Vce or GND Current, per pin (Icc) +50 mA Input Rise or Fall Times 
Storage Temperature Range (Tstq) —65°C to + 150°C (t,t) = Voc=2.0V 
Power Dissipation (Pp) Vec=4.5V 
(Note 3) 600 mw Vcc=6.0V 
S.O. Package only 500 mW 
Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


O90POHPZWIN/OS0POHPSWN 


DC Electrical Characteristics (note 4) 


bee 74HC _ 54HC 
Parameter Conditions | Vcc * Ta= —40 to 85°C| Ta = — 55 to 125°C} Units 


Ty Guaranteed Limits 


Minimum High Level F 1.5 
Voltage (Not Applicable 4.5V 


to Pins 9 & 10) 6.0V 


Maximum Low Level Input 
Voltage ** (Not Applicable 
to Pins 9 & 10) 


Minimum High Level Output Vin= Vin or Vit 
Voltage lloutl $20 pA 


llout| <4.0 mA 
lout] <5.2 mA 


Vin= Vin or Vit 
lloutl =0.4 mA 


Maximum Low Level Output Vin= Vin or Vit 
Voltage llout|<20 pA 


Except Pins| Vin=Vin orVit 
: 4.5V 
llout|<5.2 mA 


Vin = Vin OF Vit 

llout| =0.4 mA 

\lout| =0.52 mA 
Maximum Input Current Vin= Vcc or GND 


Maximum Quiescent Supply Vin= Vcc or GND 
Current louT=0 pA 6.0V 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating: plastic “‘N” package: — 12 mW/°C from 65°C to 85°C ceramic “J” package: —12 mW/°C from 100°C to 125°C 
Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vy and Vi, occur at Vcc = 5.5V and 4.5V respectively. (The Viz value at 5.5V is 3.85V.) The worst case leakage current 
(lin. Ico, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

** Vi, limits are currently tested at 20% of Voc. The above V\_ specification (30% of Vcc) will be implemented no later than Q1, CY’89. 


cep) 
oO 
< 
fo) 
ie) 





4.5 
6.0 
4.2 
5.7 
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MM54HC4060/MM74HC4060 


AC Electrical Characteristics 
Voc= 5V, Ta= 25°C, CL= 15 pF, t-=th=6 ns 


MaximumClock Frequency | |_| 0M 
tpHL tpty Maximum Propagation (Note 5) 
Delay to Q4 
tpHL tpLH | Maximum Propagation 
Delay to any Q 


Minimum Reset 
Removal Time 


Minimum Pu'se Width || 


AC Electrical Characteristics Voc = 2.0V to 6.0V, C, = 50 pF, t= t;=6 ns (unless otherwise specified) 


T,=25°C Ta74HC TaS4HC 
Symbol Parameter a Ta= —40 to 85°C | Ta=—55 to 125°C | Units 
Guaranteed Limits 
fax Maximum Operating 2.0V 5 4 MHz 
Frequency 4.5V0 24 20 MHz 
6.0V 28 24 MHz 
380 475 


tpH-, tpt | Maximum Propagation 2.0V 171 ns 
Delay Clock to Q4 4.5V 76 114 ns 
6.0V 65 ns 


240 ns 
48 ns 
ns 


125 ns 
2 ns 
21 ns 


100 ns 
2 ns 
17 oo. ns 
80 ns 
16 ns 
14 ns 


~I 
Le) 


tPHL Maximum Propagation 2.0V 
Delay Reset to any Q 4.5V 
6.0V 


tpHL, tpt | Maximum Propagation 2.0V 
Delay Between Stages 4.5V 
Qn to Qn+14 6.0V 


tREM Mimimum Reset 2.0V 
Removal Time 4.5V 
6.0V 


tw Mimimum Pulse Width 2.0V 
4.5V 
6.0V 


tr, ty Maximum Input Rise and 2.0V 
Fall Time 4.5V 
6.0V 


trHL, trLH | Maximum Output Rise 2.0V 
and Fall Time 4.5V 


6.0V 
Cpp Power Dissipation (per package) 
Capacitance (Note 6) 
Cin Maximum Input 
Capacitance 


Note 5: Typical Propagation delay time to any output can be calculated using: tp = 17+ 12(N-1) ns; where N is the number of the output, Qy, at Voc = 5V. 


Note 6: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? ft+lcc Vcc, and the no load dynamic current consumption, 
Is = Cpp Voc f + Iec. 


rh 
pS 


ns 
500 ns 
ns 


ns 
ns 
ns 


pF 


nN 
Le) 


pF 


o 
> 
o 
Oo 


— ss NY 
oan 
_ — 
° i<e) 
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MM54HC4066/MM74HC4066 





National - 
Semiconductor 


MM54HC4066/MM74HC4066 
Quad Analog Switch 


General Description 


These devices are digitally controlled analog switches utiliz- 
ing advanced silicon-gate CMOS technology. These 
switches have low “on” resistance and low “‘off’’ leakages. 
They are bidirectional switches, thus any analog input may 
be used as an output and visa-versa. Also the ’4066 
switches contain linearization circuitry which lowers the 
“on” resistance and increases switch linearity. The '4066 
devices allow control of up to 12V (peak) analog signals 
with digital control signals of the same range. Each switch 
has its own control input which disables each switch when 
low. All analog inputs and outputs and digital inputs are pro- 
tected from electrostatic damage by diodes to Voc and 
ground. 


Connection Diagram 
Dual-In-Line Package 


Veo «(CTL OACTL 41/0) 40/1 «30/1 +=3/0 


Wo 10/1 20/t 2/0 2CTL 3CTL GND 
TL/F/5355-1 


Top View 
Order Number MM54HC4066* or MM74HC4066* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Schematic Diagram 


CONTROL 


Features 

@ Typical switch enable time: 15 ns 

Wide analog input voltage range: 0-12V 

@ Low “on” resistance: 30 typ. (’4066) 

m@ Low quiescent current: 80 »A maximum (74HC) 
w Matched switch characteristics 

@ Individual switch controls 


Truth Table 


1/0-O/l 





L “OFF” 
H “ON” 





TL/F/5355-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +15V (Vin: Vout) 
DC Control Input Voltage (Vin) —1.5 to Voc + 1.5V Operating Temp. Range (Ta) 
DC Switch I/O Voltage (Vio) VeE—0.5 to Veg + 0.5V MM74HC 
Clamp Diode Current (I1x, lox) +20mA Mie : 
DC Output Current, per pin (Ioyt) +25mA as t . ise vy oo. 
DC Vcc or GND Current, per pin (Icc) +50 mA (te tt ie 45V 
Storage Temperature Range (TsTG) — 65°C to + 150°C Vec=9.0V 
Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mw 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


990POHPZWIN/990POHPSWAN 


DC Electrical Characteristics (note 4) 


Parameter Vale — 40 to 85°C | Ta = —55 to 125°C | units 
Guaranteed Limits 


Minimum High Level! 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Maximum “ON” Resistance | VoTL= Vip, |g = 2.0 mA 
(See Note 5) Vis= Vcc to GND 
(Figure 1) 


Veti= Vin, Is= 2.0 mA 
Vis=Vec or GND 
(Figure 1) 

Maximum “ON” Resistance | VoTL= Vin 
Vis=Vcc to GND 


Vv 
Vv 
Vv 
Vv 
Vv 
Vv 
Vv 
V 
2 
2 
2 
2 
0) 
c0) 
e 
2 
n 
2 


Maximum Switch “OFF” Vos=Vcc or GND 

Leakage Current Vis=GND or Vcc 
Vott = Vit (Figure 2) 

Maximum Switch “ON” Vis=Vcc to GND 

Leakage Current VotL= Vin : 
(Figure 3) Vos = OPEN | 12.0V 

Maximum Quiescent Vin= Vcc or GND 

Supply Current louT=0 pA 





Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic ''N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V + 10% the worst case on resistance (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with this 
supply. Worst case Viy and Vi_ occur at Vcc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current occurs for CMOS at the 
higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vcc-GND) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 


** Vit limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY'89. 
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MM54HC4066/MM74HC4066 


AC Electrical Characteristics 
Voc= 2.0V-6.0V Veg = 0V-12V, C, =50 pF (unless otherwise specified) 


Symbol Parameter aX ~40 to 85°C | Ta= —55 to 125°C | Units 


Guaranteed Limits 


tpHL, tp.H | Maximum Propagation ; 30 
Delay Switch In to : 13 

Out . 10 

11 


tpzL, tpzH | Maximum Switch Turn 
“ON” Delay 


tpyz, tpLz | Maximum Switch Turn 
“OFF” Delay 


Minimum Frequency 

Response (Figure 7) Vis=2 Vpp at (Vcc/2) 
20 log(Vo/V)) = —3 dB | (Notes 6 & 7) 
Crosstalk Between R,_ = 6002, F= 1 MHz 
any Two Switches (Notes 7 & 8) 

(Figure 8) : 
Peak Control to Switch | RL=600, F=1 MHz 
Feedthrough Noise CL=50 pF 

(Figure 9) 

Switch OFF Signal R_=6000, F=1 MHz 
Feedthrough VicnVir 
Isolation (Notes 7&8) . 
(Figure 10) 


Total Harmonic RL=10 kf, C, =50 pF, 
Distortion F=1 kHz 
(Figure 11) Vis =4 Vpp 

Vis=8 Vpp 


Maximum Control 10 10 10 
Input Capacitance 

Maximum Switch 20 

Input Capacitance 

Maximum Feedthrough | Vet_ = GND a 0.5 

Capacitance ; 

Power Dissipation 

Capacitance 


Note 6: Adjust 0 dBm for F = 1 kHz (Null RL/Ron Attenuation). 
Note 7: Vis is centered at Voc/2. 
Note 8: Adjust input for 0 dBm. 


AC Test Circuits and Switching Time Waveforms 


Voc 


Vere = Vin 
CONTROL Vcc Veru= Vie 


u 10F 4 
SWITCHES 


AMMETER CONTROL Vec 


10F 4 
SWITCHES 


Vis GNO OR Voc 1/0 o/t Vos = Vcc OR GND 


TL/F/5355-3 = TL/F/5355- 4 
FIGURE 1. “ON” Resistance FIGURE 2. “OFF” Channel Leakage Current 
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AC Test Circuits and Switching Time Waveforms (Continued) 


Vec 
Veru= Vin 


AMMETER CONTROL Vec 


Vis=Vec vo SOF ogy 
TEND SWITCHES 


TL/F/5355-5 


CONTROL Vcc 


10F 4 
V0 switcnes °/" 


GNO 


TL/F/5355-6 
FIGURE 4. tp, tpt Propagation Delay Time Signal Input to Signal Output 


tPZL 
tpze 


Vec 
CONTROL ec 50% 
10F4 ov ov 
VO switcnes °/" ioe 
GND Voo 90% Voo 


Vos 
Vor Vou 





TL/F/5355-7 
FIGURE 5. tpz_, tp_z Propagation Delay Time Control to Signal Output 


tpZH 


CONTROL Vcc 
10F4 


Vec 
50 
ov 
V0 switches 9! tin 
GNO 
Vox 
10% Pa 


a 





Vee /2 


TL/F/5355-8 
FIGURE 6. tpzy, tpHz Propagation Delay Time Control to Signal Output 


Voc 
Vert= Yee 
Vec 
Fin © Vos 
GND 
6000 == 50 pF 


Veo /2 = 


TL/F/5355-19 
FIGURE 7. Frequency Response 
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990POHPZWIN/S90POHPSINW 


MM54HC4066/MM74HC4066 


CONTROL Vec 


10F4 


IN/OUT switches OUT/ 1N 


Vos —— —_* CROSSTALK 
Caer meen B 


TL/F/5355-9 


FIGURE 8. Crosstalk: Control Input to Signal Output 


Vec 


CONTROL = Vcc 


10F4 


IN/OUT ewiteyes OUT/ IN 


Visi2) = 0¥ IN/OUT gor te 


TL/F/5355-10 
FIGURE 9. Crosstalk Between Any Two Switches 


Fiy IS A SINE WAVE "Fy IS A SINE WAVE 


Vos Vos 
50 pF 50 pF 


Vec/2 4 Voc /2 


TL/F/5355-20 TL/F/5355~21 
FIGURE 10. Switch OFF Signal Feedthrough Isolation FIGURE 11. Sinewave Distortion 


Typical Performance Characteristics 


Typical Crosstalk Between 


Typical “ON” Resistance _ Any Two Switches Typical Frequency Response 
00 =30 .0 


“ON" RESISTANCE (2) 
Vo2 / Voy (dB) 
Vour/Vin (48) 


INPUT VOLTAGE (V) FREQUENCY (Hz) FREQUENCY (Hz) 


Special Considerations 


In certain applications the external load-resistor current may include both Vcc and signal line components. To avoid drawing 
Vcc current when switch current flows into the analog switch input pins, the voltage drop across the switch must not exceed 
0.6V (calculated from the ON resistance). 


TL/F/5355-18 





3-406 


National 
Semiconductor 


MM54HC4075/MM74HC4075 
Triple 3-Input OR Gate 


General Description 


These OR gates utilize advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. All gates have buffered outputs, providing 
high noise immunity and the ability to drive 10 LS-TTL loads. 
The 54HC/74HC logic family is functionally as well as pin- 
out compatible with the standard 54LS/74LS logic family. 
The 54HC4075/74HC4075 is functionally equivalent and 
pin-out compatible with the CD4075B and MC140758 metal 
gate CMOS devices. All inputs are protected from damage 
due to static discharge by internal diode clamps to Vcc and 
ground. 


Connection Diagram 


Features 

@ Typical propagation delay: 11 ns 

m Wide power supply range: 2V-6V 

m Low quiescent current: 20 w»A maximum (74HC Series) 
@ Low input current: 1 »A maximum 

@ Fanout of 10 LS-TTL loads 


Dual-In-Line Package 


TL/F/5155-1 


Top View 


Order Number MM54HC4075* or MM74HC4075* 


*Please look into Section 8, Appendix D for availability of various package types. 
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MM54HC4075/MM74HC4075 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Veo + 1.5V 
DC Output Voltage (VoyT) —0.5 to Voc + 0.5V 
Clamp Diode Current (I\k, lox) +20 mA 
DC Output Current, per pin (Iu) +25mA 
DC Voc or GND Current, per pin (loc) £50mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


600 mW 
500 mW 


260°C 
DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin Or ViL 
lout] $20 pA 


Vin=ViH OF ViL 
lou! <4.0 mA 
llout] <5.2 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin Or Vit 
lout] $20 pA 


Vin = Vin OF Vi 
llout| <4.0 mA 
llout| <5.2 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vin.VouT) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 


Input Rise or Fall Times 
Voc= 2.0V 
Voc = 4.5V 
Voc=6.0V 


(tr ’ th) 


0.5 
— 1.35 
1.8 1.8 


1.9 1.9 
4.4 4.4 


3.84 3.7 
5.34 5.2 


0.1 0.1 
~ = 


0.33 0.4 
0.33 0.4 


Maximum Input Vin=Vcc or GND | 6.0V +0.1 +1.0 +1.0 
Current 

Maximum Quiescent | Vin=VccorGND | 6.0V 

Supply Current louT=0 pA 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Vox, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vi} and Vj, occur at Vcc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (Ij, 
Icc, and Igz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY'89. 
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AC Electrical Characteristics voc=5v, T,=25°C, C,=15 pF, t,=t;=6 ns 


Guaranteed 
Symbol P r 
| symbot | parameter | conatons | typ | Seman | units, 
teHL: tpLH Maximum Propagation 11 
Delay 


AC Electrical Characteristics Voc =2.0V to 6.0V, C_ =50 pF, t,=ts=6 ns (unless otherwise specified) 


ee 74HC 54HC 
Parameter Nee |e = — 40 to 85°C = —55 to 125°C 
Guaranteed Limits 


tpHL, tpLH | Maximum Propagation : Be 115 145 171 
Delay : 12 29 
10 25 


SZOPOHPZWIN/SZOPOHPSWIN 


trio, trH_ | Maximum Output : 95 
Rise and Fall : 
Time 


Power Dissipation (per gate) 

Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+ !cc Vcc, and the no load dynamic current consumption, ls =Cpp Voc f+ Ioc. 
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National - 
Semiconductor 


MM54HC4078/MM74HC4078 
8-Input NOR/OR Gate 


General Description 


These NOR gates utilize advanced silicon-gate CMOS tech- 
nology to achieve operating speeds similar to LS-TTL gates 
with the low power consumption of standard CMOS inte- 
grated circuits. Both outputs are buffered, providing high 
noise immunity and the ability to drive 10 LS-TTL loads. The 
54HC4078/74HC4078 is functionally equivalent and pin-out 
compatible with the CD4078B. All inputs are protected from 
damage due to static discharge by internal diode clamps to 
Vcc and ground. 


Connection and Logic Diagrams 


Features 

@ Typical propagation delay: 15 ns 

m™ Wide power supply range: 2-6V 

m@ Low quiescent current: 20 4A maximum (74HC Series) 
m Low input current: 1 2A maximum 

@ Fanout of 10 LS-TTL loads 


Dual-In-Line Package 


TL/F/5135~-1 


Top View 


Order Number MM54HC4078* or MM74HC4078* 


*Please look into Section 8, Appendix D for availability of various package types. 


zo mm O00 DBD YP 


Y=A+B+C+D+E+F+G+H 
K=¥ 


TL/F/5135-2 
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Absolute Maximum Ratings 
(Notes 1 & 2) 


!f Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Veco + 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ij, lox) £20mA 
DC Output Current, per pin (lout) +25mA 
DC Vcc or GND Current, per pin (Ic) +50 mA 
Storage Temperature Range (Tstaq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering 10 seconds) 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 
Parameter 


2.0V 
4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lloutl S20 wA 


Vin= Vin OF Vit 
lloutl <4.0 mA 
\lout| <5.2 mA 


4.5V 
6.0V 


Maximum Low Level 
Output Voltage 


Vin= Vin OF ViL 
llout|<20 pA 2.0V 
4.5V 


6.0V 


Vin= Vin OF Vit 
lloutl <4 mA 
llout|<5.2 mA 


Vin= Vcc or GND 


4.5V 
6.0V 


Maximum Input 6.0V 


Current 


Maximum Quiescent | Vin=Vcoc or GND | 6.0V 2.0 
Supply Current louT=0 pA 


Conditions sar 


eer 74HC 54HC 
Ae Ta=—40to 85°C | Ta=—55 to 125°C 


Operating Conditions 
Min 
Supply Voltage (Vcc) "2 
DC Input or Output Voltage 0 
(Vin. Vout) 
Operating Temp. Range (Ta) 
MM74HC 
MM54HC 
Input Rise or Fall Times 
(tt) Voo=2.0V 
Voco=4.5V 
Voc=6.0V 


Units 
Guaranteed Limits 
1.5 
3.15 
4.2 
0.5 


1.35 
1.8 


1.5 


1.9 


3.98 


5.48 5.34 


0.1 
0.1 
0.1 


0.1 
0.1 
0.1 
0.26 0.33 
0.26 0.33 


foes eee 


40 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V4 and Vj, occur at Voc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, 
Ioc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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MM54HC4078/MM74HC4078 


AC Electrical Characteristics mms4Hc4078/74HC4078 
Voc =5V, Ta= 28°C, C_=15 pF, tp-=th=6 ns 


Guaranteed | 
Symbol 
Et MA anne CE Limit 
tPHL. 'PLH Maximum Propagation 
Delay, Y Output 
teHL tepLH Maximum Propagation 24 
Delay, K Output 


AC Electrical Characteristics voc=2.0v to6.0v, c, =50 pF, t,=t;=6 ns (unless otherwise specified) 


be edi 74HC 54HC 
Parameter eo Ta=—40to 85°C | Ta=—55 to 125°C 
Guaranteed Limits 


tpyt, tpt | Maximum Propagation ee 130 160 195 
Delay, Y Output i 17 
14 


tpHL, tpty | Maximum Propagation ; 50 
Delay, K Output F 20 
17 


try» trH_ | Maximum Output fl 7 o 
Rise and Fall 
Time 7 


Power Dissipation (per package) 100 
Capacitance (Note 5) 

Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Ioc Voc, and the no load dynamic current consumption, ls =Cpp Voc f+ loc. 
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National | 
Semiconductor 


MM54HC4316/MM74HC4316 
Quad Analog Switch with Level Translator 


General Description 


These devices are digitally controlled analog switches im- 
plemented in advanced silicon-gate CMOS technology. 
These switches have low ‘‘on” resistance and low “off” 
leakages. They are bidirectional switches, thus any analog 
input may be used as an output and vice-versa. Three sup- 
ply pins are provided on the ’4316 to implement a level 
translator which enables this circuit to operate with O-6V 
logic levels and up to + 6V analog switch levels. The ’4316 
also has a common enable input in addition to each switch’s 
control which when low will disable all switches to their off 
state. All analog inputs and outputs and digital inputs are 
protected from electrostatic damage by diodes to Vcc and 
ground. 


Connection and Logic Diagrams 
Dual-In-Line Package 


Vcc CTL ACTL 41/0 40/1 30/1 31/0 Vee 


20/1 21/0 2CTL 3CTL En GND 
TL/F/5369-1 


i/o 10/1 


Top View 
Order Number MM54HC4316* or MM74HC4316* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Features 

m Typical switch enable time: 20 ns 

m Wide analog input voltage range: +6V 

m@ Low “on” resistance: 50 typ. (Voc—VeE=4.5V) 
30 typ. (Voc VeE= 9V) 

@ Low quiescent current: 80 pA maximum (74HC) 

m Matched switch characteristics 

@ Individual switch controls plus a common enable 


Truth Table 


Level 
Translator 


TL/F/5369-2 
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MM54HC4316/MM74HC4316 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. Supply Voltage (Veg) 0 
Supply Voltage (Vcc) —0.5 to +7.5V DC Input or Output Voltage 
Supply Voltage (Veg) +0.5 to —7.5V (Vin. Vout) 
DC Control Input Voltage (Vij) —1.5 to Voo + 1.5V Operating Temp. Range (Ta) 
DC Switch I/O Voltage (Vio) VeE—0.5 to Voc + 0.5V MM74HCG 
Clamp Diode Current (I), lox) £20 mA MMose : 
DC Output Current, per pin (Iqyt) £25mA ss ' x a My says: 
DC Voc or GND Current, per pin (Ioc) tsoma tM Voe=4.5V 
Storage Temperature Range (Tstq) —65°C to + 150°C Voc =6.0V 
Power Dissipation (Pp) Voc= 12.0V 

(Note 3) 600 mW ; 

S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


Ta=25°C ZA itn 
Voc A Ta= —40 to 85°C| Ta = — 55 to 125°C Units 


Typ Guaranteed Limits 


2.0V 1.5 1.5 
4.5V : 3.15 
6.0V 4.2 4.2 


Maximum Low Level 5 : 0.5 
Input Voltage** : : : 1.35 


VoTL= Vin, Is=2.0 mA 


Vis= Vcc or Vee 
(Figure 1) 


DPOSl/PooP!/PVeF|<<<}[<<< 


4.5V| 10 
—4,5V/4.5V} 5 | 10 
—6.0Vj6.0V} 5 | 10 


Maximum Switch “OFF” GND |6.0V +60 +600 
Leakage Current = —6.0V|6.0V +100 +1000 
Maximum Switch “ON” GND |6.0V +40 +150 
Leakage Current —6.0V|6.0V +60 +300 
Maximum Quiescent Vin= Vcc or GND GND |6.0V 2.0 20 40 
Supply Current louT=0 pA —6.0V/6.0V 8.0 80 160 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ““N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case Vjy and Vi_ occur at Voc =5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current occurs for CMOS 
at the higher voltage and so the 5.5V values should be used. 





Note 5: At supply voltages (Vcc-VeE) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics 
Voc = 2.0V-6.0V, Veg = OV-6V, C, = 50 pF (unless otherwise specified) 


74HC 
Ta=+25°C | Ta=—40°C| Ta= —55°C 

Conditions Vcc to + 85°C to + 125°C Units 

Guaranteed Limits 
50 63 75 
‘ 10 13 15 
3 8 12 14 

A A 7 11 
RL=1ka } 250 
‘i 43 53 
i . 39 48 
. ; 37 45 

RL=1kQ 


Symbol 


tPHL tPLH 


tpzL. tpzH 


tpHz, tpLz 


tpzL, tpzH 


tpiz, tpHz 


Parameter 


Maximum Propagation 
Delay Switch In to 
Out 


Maximum Switch Turn 
“ON” Delay 
(Control) 


Maximum Switch Turn 
“OFF” Delay 
(Control) 


Maximum Switch 
Turn “ON” Delay 
(Enable) 


Maximum Switch 
Turn “OFF” Delay 
(Enable) 


Minimum Frequency 
Response (Figure 7) 
20 log (Vos/Vis) = —3 dB 


Control to Switch 
Feedthrough Noise 
(Figure 8) 


Crosstalk Between 
any Two Switches 
(Figure 9) 


Switch OFF Signal 
Feedthrough 
Isolation 

(Figure 10) 


Sinewave Harmonic 
Distortion 
(Figure 11) 





_ 
wo 


aan o 
&N M 


pS 
NN 
° 
oo S$ 


Ry = 6000, Vis = 2Vpp 
at (Voc-VeeE/2) 
(Notes 6, 7) 


R_ = 6009, F = 1 MHz 
CL = 50 pF 
(Notes 7, 8) 


R_ = 6009, F = 1 MHz 


~“ 
| | i 


R_ = 6000, F = 1 MHz 
Vet. = Vit, 
(Notes 7, 8) 


Ry, = 10 KO, CL = 50 pF, 
F = 1 KHz 


Maximum Control 

Input Capacitance 

Maximum Switch 

Input Capacitance 

Maximum Feedthrough VoTL= GND 

Capacitance 

Power Dissipation pF 
Capacitance 


Note 6: Adjust 0 dBm for F = 1 KHz (Null R_/Ron Attenuation). 
Note 7: Vis is centered at Voc-VeE/2. 
Note 8: Adjust for 0 dBm. 
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MM54HC4316/MM74HC4316 


AC Test Circuits and Switching Time Waveforms 


Vec 
Vere= Vin 


CONTROL Vc 


1 10F 4 Ver. = Van 
Wd SWITCHES af 


AMMETER CONTROL Vee 


Vis = GND OR Vcc VO cawtucs. (Of Vos Vcc OR GND 


Vee 


TL/F/5369-3 Vee TL/F/5369-4 
FIGURE 1. “ON” Resistance FIGURE 2. “OFF” Channel Leakage Current 


Vern = Vin 


AMMETER CONTROL Vec 


Vis = Vee vo = J OFS oy 
pos SWITCHES 


Vee 


Yee 
FIGURE 3. “ON” Channel Leakage Current 


TL/F/5369-5 


CONTROL V¢c 


10F 4 
10 switches 
Vee 


bi 


TL/F/5369-6 


CONTROL Vcc 

10F4 
V0 switches °/! 
Vee 


TL/F/5369-7 : 
FIGURE 5. tpz_, tp_z Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (continued) 
Ver. tpzH 


CONTROL Vec 50% 


10F4 
A SWITCHES tezu 
Vee 


(Voc — Vee) /2 
TL/F/5369-8 
FIGURE 6. tpz}), tpyz Propagation Delay Time Control to Signal Output 


Voc 
Ver = Vin 


CONTROL Voc 
Fy IN/OUT OUT/IN 


TL/F/5369-18 
FIGURE 7. Frequency Response 


CONTROL Ver 


10F4 
SWITCHE 


Vee 


IN/OUT gOUT/IN 


TL/F/5369-9 


FIGURE 8. Crosstalk: Control Input to Signal Output 


Verut) = Vee 


CONTROL Vec 


10F4 
switcHesUT/IN 


Vee 


Veri2) = OV 


CONTROL Vor 


- 10F4 
Visa) = OV IN/OUT cwitcHES 


Vee 


TL/F/5369-10 
FIGURE 9: Crosstalk Between Any Two Switches 
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MM54HC4316/MM74HC4316 


AC Test Circuits and Switching Time Waveforms (continued) 


Vee 
Fyy IS A SINE WAVE Fy 1S A SINE WAVE 
CONTROL Veg CONTROL Vo¢ 


IN/OUT IN/ OUT OUT/IN 


TL/F/5369-19 TL/F/5369-20 
FIGURE 10. Switch OFF Signal Feedthrough Isolation FIGURE 11. Sinewave Distortion 


Typical Performance Characteristics 


Typical Crosstalk Between 
7 Typical “ON” Resistance of Any Two Switches 


3 
: € 
8 z 
: 3 
S 


| ee 


INPUT VOLTAGE is FREQUENCY (Hz) 
TL/F/5369-21 TL/F/5369-22 


= peal Frequency Response 


af 


Vo2/Vo1 (48) 








FREQUENCY (Hz) 
TL/F/5369-23 


Special Considerations 


In certain applications the external load-resistor current may include both Vcc and signal line components. To avoid drawing 
Voc current when switch current flows into the analog switch input pins, the voltage drop across the switch must not exceed 
0.6V (calculated from the ON resistance). . 
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MM54HC4511/MM74HC4511 


BCD-to-7 Segment Latch/Decoder/Driver 


General Description 


This high speed latch/decoder/driver utilizes advanced sili- 
con-gate CMOS technology. It has the high noise immunity 
and low power consumption of standard CMOS integrated 
circuits, as well as the ability to drive 10 LS-TTL loads. The 
circuit provides the functions of a 4-bit storage latch, an 
8421 BCD-to-seven segment decoder, and an output drive 
capability. Lamp test (CT), blanking (BI), and latch enable 
(LE) inputs are used to test the display, to turn-off or pulse 
modulate the brightness of the display, and to store a BCD 
code, respectively. It can be used with seven-segment light 
emitting diodes (LED), incandescent, fluorescent, gas dis- 
charge, or liquid crystal readouts either directly or indirectly. 


Applications include instrument (e.g., counter, DVM, etc.) 
display driver, computer/calculator display driver, cockpit 
display driver, and various clock, watch, and timer uses. 
The 54HC/74HC logic family is speed, function, and pinout 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vcc and ground. 


Connection Diagram 


Dual-In-Line Package 





TOP VIEW 


TL/F/5373-1 


Order Number MM54HC4511* or MM74HC4511* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Features 

m Latch storage of input data 

@ Blanking input 

m Lamp test input 

m Low power consumption characteristics of CMOS 
devices 
Wide operating voltage range: 2 to 6 volts 
Low input current: 1 pA maximum 


Low quiescent current: 80 »A maximum over full tem- 
perature range (74 Series) 


Truth Table 


iz[si[tt[o ce ala be ae 1 o[ounar 
8 


=< 
x 
=< 
< 


mMrererrrrerrerrrerereeex x 
mrrrrrrrrrrrrr1izi5Tr.x 
ZErrrrrrrrrr1rrr1rzris¢r 
xErrrrrtorrrrrrereex 
xEErTrIerrrrrzrrirererer.~ 
xEEerrerrrrirrztzirr.« 
x Derr rrrtmr@iririrrir. 
Prererrritigtrrmririrzgrirce 
rmrereerrrtzrtrrrizrirgrre 
mPerrrrrrrrrrrrrirtirre 
ePrrrerrrrzrtrrrrrirce 
Prererrerrrrzrirrririre 
mrrerrrertrrrztrrrrirc 
rPrereerrrtomrrzrrrirrr:e 
OOnN on aA WD =| © 


x= Don't care 
*=Depends upon the BCD code applied during the 0 to 1 transition of LE. 
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MM54HC4511/MM74HC4511 


Absolute Maximum Ratings (notes 1 and2) Operating Conditions 


If Military/Aerospace specified devices are required, _ Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 6 Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc Vv 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 
DC Input Voltage (Vin) —1.5 to Vect+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Voy) —0.5 to Veg + 0.5V MM74HC | 80 +85 °C 
Clamp Diode Current (Ik, lox) +20 mA Mine =09 wee ~~ 
DC Output Current, per pin (lout) +25mA sha a Wie Oy a 4000 a 
DC Vcc or GND Current, per pin (Icc) +50 mA Voc=4.5V 7 ~ 500 ns 
Storage Temperature Range (Tst«G) —65°C to + 150°C Vcc =6.0V 400 - ns 
Power Dissipation (Pp) : 

(Note 3) 600 mW 

S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (ote 4 














Parameter 





Minimum High Level 
Input Voltage 





Maximum Low Level 
Input Voltage** 






Minimum High Level 
Output Voltage 





Vin = Vin oF Vit 
llouT|<20 pA 













2.0V 
4.5V 
6.0V 


-| 4.5V 
6.0V 


2.0V 
4.5V 
6.0V 


Vin = Vin OF ViL 

lloyt| <4.0 mA 4.5V 

llout|<5.2 mA 6.0V 
Maximum Input Vin=VccorGND | 6.0V +1. : 
Current ; : 

Maximum Quiescent | Vin=VcocorGND | 6.0V 160 

Supply Current louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2; Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (VoH, and Vo;) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vi, occur at Vcc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (In, 
loc, and Ioz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi_ limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY’89. 


Vin= Vin OF ViL 
lout] <6.0 mA 
lout] <7.8 mA 

















Maximum Low Level 
Output Voltage 


Vin= Vin oF Vit 
lout] <20. pA 
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AC Electrical Characteristics voc=5sv, T,=25°C, C, =15 pF, t,=tj=6 ns 


Guaranteed 
esate Parameter | onatons | 130 | Limit uns 
tpHL, tpt | Maximum Propagation 120 
Delay from Inputs A thru D to any Output 
tpH_L, tpLH =| Maximum Propagation 120 
Delay from Bi to any Output 
tpHL, tpLy | Maximum Propagation 120 
Delay from LT to any Output 
Minimum Setup Time 10 20 
Inputs A thru D to LE 
Minimum Hold Time 
Inputs A thru D to LE 
Minimum Pulse Width 
for LE 
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AC Electrical Characteristics c, =50 pr, t,=t;=6 ns (unless otherwise specified) 


T 25°C 74HC 54HC 
Symbol Parameter on Ta=—40to 85°C | Ta=—55 to 125°C | Units 


Guaranteed Limits 


tpHL, tpt | Maximum Propagation = i 894 ns 
Delay from Inputs LT= : - 179 ns 
A thru D to any Output : 129 152 ns 


=Voc 
tpHL, tpLH | Maximum Propagation LT=Vec 
Delay from Bi to 
any Output 


tpH-L, tpLH | Maximum Propagation 
Delay from LT to 
any Output 


894 ns 
a 179 ns 
129 152 ns 


894 ns 

= 179 ns 

129 152 ns 
Minimum Setup Time 7 ns 


Inputs A thru D to LE 
ns 


Minimum Hold Time 
Inputs A thru D to LE 


ns 
ns 
ns 


126 
ns 
oe ns 


ns 
ns 


a ns 
ns 
ns 





Maximum Input Rise and 
Fall Time 


Power Dissipation 

Capacitance (Note 5) 
Cin Maximum Input 

Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Iec Voc, and the no load dynamic current consumption, ls =Cpp Voc f+ loc. 





pF 


Minimum Pulse Width 
for LE 
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MM54HC4511/MM74HC4511 


INPUTS 

A, B, C, D (Pins 7, 1, 2, 6)—BCD data inputs. A (pin 7) is the 
least-significant data bit and D (pin 6) is the most significant 
bit. Hexadecimal data A-F at these inputs will cause the 
outputs to assume a logic low, offering an alternate method 
of blanking the display. 

OUTPUTS 


a-g—Decoded, buffered outputs. These outputs, unlike the 
4511, have CMOS drivers, which will produce typical CMOS 
output voltage levels. 


Output Characteristics (vcc=5v) 


TYPICAL | _Ta=25°C) 
| | Ta =25°C 
nasser 


t t 
<) i) 
So a 


{ 
_ 
a 


lo —OUTPUT SOURCE CURRENT (mA) 


Vo—OUTPUT VOLTAGE (V) 


TL/F/5373-2 


*The expected minimum curves are not guarantees, but are design aids. 


Typical Applications 


ALLR — 29000 


TL/F/5373-4 


Typical Common Cathode LED Connection 


CONTROLS 

BI (Pin 4)—Active-low display blanking input. A logic fow on 
this input will cause all outputs to be held at a logic low, 
thereby blanking the display. LT is the only input that will 
override the Bi input. 

CT (Pin 3}—Active-low lamp test. A low logic level on this 
input causes all outputs to assume a logic high. This input 
allows the user to test all segments of a display, with a 
single control input. This input is independent of ail other 
inputs. ; 
LE (Pin 5)—Latch enable input. This input controls the 4-bit 
transparent latch. A logic high on this input latches the data 
present at the A, B, C and D inputs; a logic low allows the 
data to be transmitted through the latch to the decoder. 


TYPICAL 
; Ta=25°C 


io—OUTPUT SINK CURRENT (mA) 





Vo—OUTPUT VOLTAGE (V) 
TL/F/5373-3 


| 1~40ma 


2N2222 


TL/F/5373-5 
Incandescent Bulb Driving Circuit 
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Logic Diagram 


Display 
0 1 2 3 4 5 6 7 8 9 


Segment Identification 


Na 
Po fo 
= 


pel: 
i’ 


TL/F/5373-8 
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TL/F/5373-6 


TL/F/5373-7 
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MM54HC4514/MM74HC4514 





National — 
Semiconductor 


MM54HC4514/MM74HC4514 


4-to-16 Line Decoder with Latch 


General Description 


This utilizes advanced silicon-gate CMOS technology, which 
is well suited to memory address decoding or data routing 
application. It possesses high noise immunity and low power 
dissipation usually associated with CMOS circuitry, yet 
speeds comparable to low power Schottky TTL circuits. It 
can drive up to 10 LS-TTL loads. 

The MM54HC4514/MM74HC4514 contain a 4-to-16 line 
decoder and a 4-bit latch. The latch can store the data on 
the select inputs, thus allowing a selected output to remain 
high even though the select data has changed. When the 
LATCH ENABLE input to the latches is high the outputs will 
change with the inputs. When LATCH ENABLE goes low 
the data on the select inputs is stored in the latches. The 
four select inputs determine which output will go high pro- 


Connection Diagram 


Dual-in-Line Package 
INPUTS 
Yoo INHIBIT IND 


OUTPUTS 
INC) =6©$10—s S11 $8 sg $14 S15 


21 


4-T0-16 DECODER 


7 — 


4 5 6 7 8 9 10 


STROBE INA INB $7 $6 $5 $4 $3 S1 $2 


INPUTS OUTPUTS 


Top View 


Order Number MM54HC4514* or MM74HC4514* 


*Please look into Section 8, Appendix D for availability of various package types. 





20 19 18 17 16 15 


TL/F/5215-1 


vided the INHIBIT input is low. If the INHIBIT input is high all 
outputs are held low thus disabling the decoder. 

The MM54HC4514/MM74HC4514 is functionally and pinout 
equivalent to the CD4514BM/CD4514BC and the 
MC1451BA/MC1451BC. All inputs are protected against 
damage due to static discharge diodes from Vcc and 
ground. 


Features 

m Typical propagation delay: 18 ns 

@ Low quiescent power: 80 »A maximum (74HC Series) 
@ Low input current: 1 wA maximum 

@ Fanout of 10 LS-TTL loads (74HC Series) 


Truth Table 


Data Inputs 


Selected 
Output 
High 


SO 
$1 
$2 
$3 
$4 


$6 
S7 


$8 

S9 
$10 
$11 


$12 
$13 
$14 
S15 


All 
X | Outputs =0 
Latched 
xX Data 


$12 $13 


14 1 


” 
a 


3 
Y 12 


So Vss 


zzzx[eere|[rrrzirere|o | 
zree[zzee|zzer[zzer |e | 


X| XX 


X 


x [x [zzzzi[zzzzi[eeee|[ere elo | 


x 
x< 
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Absolute Maximum Ratings (Notes 1 and2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 
DC Input Voltage (Vij) —1.5 to Veo t+ 1.5V Operating Temp. Range (Ta) : 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC —40 
Clamp Diode Current (ix, lox) +20 mA MMoIt ss 
DC Output Current, per pin (lout) +25mA Input Hise y healt 
DC Vcc or GND Current, per pin (icc) +50 mA (te tt) = A5V 
Storage Temperature Range (Tstq) —65°C to + 150°C Vcc =6.0V 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


vLSPOHPZININ/PLSPOHPSWIN 


DC Electrical Characteristics (note 4) 


c 74HC 54HC 
Symbol Parameter Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


Typ Guaranteed Limits 


Minimum High Level Input 2.0V 1.5 1.5 1.5 
Voltage 4.5V 3.15 3.15 3.15 
6.0V 4.2 é 4.2 


Maximum Low Level Input 2.0V 
Voltage** 4.5V 
6.0V 


4.2 
0.5 0.5 
1.35 1.35 
1.8 1.8 
Minimum High Level Output | Vin=Viy or Vic s 


Voltage llout|<20 pA 2.0V] 2.0} 1.9 1.9 
4.5V 4.4 4.4 
6.0V 5.9 5.9 


Vin = Vin or Vit 
llout|<4.0 mA 4.5V 3.98 3.84 
llour| <5.2 mA 6.0V 5.48 5.34 


Vin=ViH OF ViL 
llout|<4.0mA . | 4.5V] 0. 
lout] <5.2 mA 6.0V | 0.2 | 0.26 0.33 =. 


0.4 
Maximum input Current | Vin=Vooorano|eov| [#01] #40 | 1.0 


Maximum Quiescent Supply | Vin=Vcc or GND | 6.0V 160 
Current ; louT=0 pA 


Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 


4.5 
6.0 
4.2 
5.7 

Maximum Low Level Output | Vin=VixH or Vi. 

Voltage llout| $20 pA 2.0V ; 
4.5V ; 
6.0V : 

0.2 


0.26 0.33 0.4 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘J’ package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vj, occur at Vcc = 5.5V and 4.5V respectively. (The Vij value at 5.5V is 3.85V.) The worst case leakage current (lin, 
loc, and 19z) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi. limits are currently tested at 20% of Voc. The above Vi, specification (30% of Vcc) will be implemented no later than Q1, CY’89. 
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MM54HC4514/MM74HC4514 


AC Electrical Characteristics voc=5v, T,=25°C, C, =15 pF, t= t}=6 ns 


triton | Maximum Propagation DelayDatato Output | | 18 
| MaximumPropagationDelayLEtoOutput | | 18 

Maximum Propagation Delay LE to Output Baa ee ae eee 
Maximum Propagation Delay Inhibit to Output fed tlt ele 

Maximum Propagation Delay Inhibit to Output ln eae 

Minimum Setup Time, Date to LE ee a a ee 

Minimum Hold Time, LE to Data eae | cca nee Cee 

Minimum Pulse Width, Latch Enable ee aa ee 


AC Electrical Characteristics v.c=2.0v-6.0v, C, =50 pF, t,=t;=6 ns (unless otherwise specitied) 


spcineops 74HC 54HC 
Symbol Parameter Conditions | Vcc ‘a Ta= —40to 85°C | Ta=—55to 125°C | Units 
Guaranteed Limits 


tpHL, tpLH | Maximum Propagation 175 220 
Delay Data to Output 35 44 
30 38 


175 220 
35 44 
30 38 


230 290 
46 58 
39 49 


175 220 
35 44 
30 38 


230 290 
46 58 
39 49 


100 125 
20 © 25 | 
17 21 

a) 
5 
5 


80 
16 
14 


teHL Maximum Propagation 
Delay LE to Output 


o> 
oun 
<< 


tpLH Maximum Propagation 
Delay LE to Output 


teHL Maximum Propagation 
Delay Inhibit to Output 


teLH Maximum Propagation 
Delay Inhibit to Output 


Minimum Setup Time, 
Data to LE 


Minimum Hold Time, 
LE to Data 


rm @ 
ao 


Minimum Pulse Width, 
Latch Enable 


Power Dissipation 
Capacitance 

Cin Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+ Ioc Voc, and the no load dynamic current consumption, Is = Cpp Voc f+ Icc. 





DEN IDANVIDBANIOANIDANIODSA 
onolounclionojoncolougolon 
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NO 
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Logic Diagram 


INHIBIT 2 
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ABCO 16 
O $14 
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MM54HC4538/MM74HC4538 


National - 
Semiconductor 


MM54HC4538/MM74HC4538 Dual 
Retriggerable Monostable Multivibrator 


General Description 


The MM54HC4538/MM74HC4538 high speed monostable 
multivibrators (one shots) are implemented in advanced sili- 
con-gate CMOS technology. They feature speeds compara- 
ble to low power Schottky TTL circuitry while retaining the 
low power and high noise immunity characteristic of CMOS 
circuits. 


Each multivibrator features both a negative, A, and a posi- 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC4538 is retrig- 
gerable. That is, it may be triggered repeatedly while their 
outputs are generating a pulse and the pulse will be extend- 
ed. 


Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out- 


Connection and Block Diagrams 
Dual-In-Line Package 


Ag Bs Os Os 
INPUT INPUT QUT . OUT 


TIA so T2A Coa Aa Ba Qa Qa 
INPUT INPUT OUT OUT 


TOP 
oe TL/F/5217-1 


Order Number MM54HC4538* or MM74HC4538* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


H = High Level 
L = Low Level 
T = Transition from Low to High 
J = Transition from High to Low 


SL = One High Level Pulse 
“LF = One Low Level Pulse 
X = Irrelevant 


put pulse equation is simply: PW =0.7(R) (C) where PW is in 
seconds, R is in ohms, and C is in farads. This device is pin 
compatible with the CD4528, and the CD4538 one shots. All 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 


Features 

= Schmitt trigger on A and B inputs 

m Wide power supply range: 2-6V 

m@ Typical trigger propagation delay: 32 ns 
mw Fanout of 10 LS-TTL loads (74HC) 

@ Low input current: 1 A max 


Rx AND Cx ARE EXTERNAL COMPONENTS 
TL/F/5217-2 
Note: Pin 1 and Pin 15 must be hard-wired to GND. 
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Absolute Maximum Ratings (notes 1 and 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) 
DC Input Voltage (Vin) 
DC Output Voltage (Vout) 
Clamp Diode Current (I|K, lox) 
DC Output Current, per pin (lout) 
DC Vcc or GND Current, per pin (Icc) 
Storage Temperature Range (Tstq) 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering 10 seconds) 


—0.5 to +7.0V 

— 1.5 to Vec+ 1.5V 
—0.5 to Vec+0.5V 
+20 mA 

+25 mA 

+50mA 

—65°C to + 150°C 


600 mw 
500 mW 


260°C 


DC Electrical Characteristics (note 4) 


Symbol Parameter 


Minimum High Level Input 
Voltage 


Maximum Low Level Input 
Voltage** 


Minimum High Level Output 
Voltage 


Maximum Low Level Output 
Voltage 


Ta=25°C po pein 
Voc A Ta= —40to 85°C | Ta=—55 to 125°C | Units 


Typ Guaranteed Limits 
2.0V 1.5 1.5 
4.5V 3.15 3.15 
4.2 4.2 


6.0V 


2.0V 
4.5V 
6.0V 


Vin = Vin OF Vit 


out|<20 pA | 2.0V 
4.5V 


6.0V 


Vin = Vin OF Vit 


llout|<4.0 mA | 4.5V 
llout|}<5.2 mA | 6.0V 


Vin = Vin OF Vit 


llout|<20 pA | 2.0V 
4.5V 
6.0V 


Vin = Vin OF Vit 


llout|<4.0 mA | 4.5V 
loutl <5.2 mA | 6.0V 
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Operating Conditions 
Min 

Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 
(Vin. Vout) 

Operating Temp. Range (Ta) 
MM74HC —40 
MM54HC —55 

Input Rise or Fall Times 
(Reset only) 

(t,t)  Voc=2.0V 
Voc=4.5V 
Voc =6.0V 


0.5 
1.35 
1.8 


2.0 1.9 
4.5 z 4.4 


5.9 


0.1 
0.1 
0. 


1.5 
3.15 
4.2 


0.5 
1.35 
1.8 


1.9 
4.4 


5.9 
3.84 3.7 
5.34 5.2 


0.1 
0.1 


0.1 
0.33 0.4 
0.33 0.4 
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MM54HC4538/MM74HC4538 


DC Electrical Characteristics (note 4) (Continued) 


Ta=25°C 74HC 54HC 
Parameter A~ Ta= — 40 to 85°C | Ta = — 55 to 125°C | Units 
| Typ| Guaranteed Limits 
Maximum Input Current Vin= Voc or GND 6.0V +0.1 +1.0 +1.0 
(Pins 2, 14) (Note 6) 
Maximum Input Current Vin=VecorGND }6.0V +0.1 +1.0 +1.0 
(all other pins) 


Ioc Active Maximum Active Supply Pins 2,14 = 0.5Voc 
Current Q1, Q2 = High 
Vin = Voc or GND 
Ioc Quiescent | Maximum Quiescent Supply | Pins 2, 14 = OPEN 
Q1, Q2 = Low 
Vin = Voc or GND 
Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation Temperature Derating: Plastic “N” Package: —12mW/°C from 65°C to 85°C Ceramic “J” Package: ~12mW/°C from 100°C to 125°C 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vjy and Vi, occur at Voc = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current 
(lin: cc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


Note 6: The device must be set up with 3 steps before measuring |): 


Clear A 
1. H L 
2. H H 
3. H L 
** Vic limits are currently tested at 20% of Vcc. The above Vi specification (30% of Vcc) will be implemented no later than Q1, CY’89. 


AC Electrical Characteristics voc=5v, Ta=25° C, C.=15 pF, t= t}=6ns 


Parameter | Conditions | Typ | Limit | units | 
Maximum Propagation Delay A, or B toQ a Eee 
Maximum Propagation Delay A, or B toQ a ee 


Maximum Propagation Delay Clear to Q eee 
Maximum Propagation Delay Clear to Q ne ee 
Minimum Pulse Width A, B or Clear ft ft 





Parameter Conditions | V¢c a Ta=—40to 85°C | Ta=—55 to 125°C 
typ | Guaranteed Limits 
Maximum Propagation 2.0V pe 250 315 
Delay A, or B toQ 4.5V 50 63 
6.0V 43 54 


Maximum Propagation 2.0V | 110 | 275 347 
Delay A, or B toQ 4.5V 28 55 69 
6.0V | 23 47 59 


Maximum Propagation 2.0V 250 315 
Delay Clear toQ 4.5V 50 63 
6.0V 43 54 


Maximum Propagation 2.0V 275 347 
Delay Clear to Q 4.5V 55 
6.0V 47 


tito, trHL | Maximum Output 2.0V 75 
Rise and Fall 4.5V 10 15 
Time 6.0V 13 


Maximum Input 2.0V 4000 
Rise and Fall 4.5V 500 
Time (Reset only) 6.0V 400 
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AC Electrical Characteristics CL =50 pF, t;=ts=6 ns (unless otherwise specified) (Continued) 
Symbol Parameter Conditions on Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed Limits 
tw Minimum Pulse Width 2.0V 101 119 ns 
A, 8, Clear 4.5V 24 ns 
6.0V Ss 
tReEc Minimum Recovery ns 
Time, Clear 
Inactive to AorB 
twa Output Pulse Width 3.0V | 283 | 190 
5.0V | 147 | 120 
3.0V | 283 | 400 
5.0V | 147 | 185 


SESPOHPZININ/SESPOHPSWIN 


Output Pulse Width Cy = 100 pF 
Rx=10 kd 


Output Pulse Width Cy = 1000 pF 
Ry = 10 kn. 


10.5 | 11.6 

10.0 | 10.7 

Output Pulse Width Cx=0.1pF Toes} oe | oso | 
Rx=10K  Twax[sov| [077] 0.798 0.805 

Maximum Input 25 

Capacitance (Pins 2 & 14) 

Maximum Input 10 10 10 

Capacitance (other inputs) 

Power ae ae (per one shot) 

ae ae (Note 5) 


Atwa Pulse Width Match 
Between Circuits in +1 
Same Package 


Note 5: Cpp determines the no load dynamic consumption, Pp = Cpp Voc2f+Icc Vcc, and the no load dynamic current consumption, |g = Voc f + Icc. 
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MM54HC4538/MM74HC4538 


Logic Diagram 


cower nerenence 


TRIGGER-CONTROL 
CIRCUIT 


RESET LATCH 
= =_ —_: 


Circuit Operation 


The ’HC4538 operates as follows (refer to logic diagram). In 
the quiescent state, the external timing capacitor, Cy, is 
charged to Vcc. When a trigger occurs, the Q output goes 
high and Cy discharges quickly to the lower reference volt- 
age (Vrper Lower = 1 Voc). Cx then charges, through Rx, 
back up to the upper reference voltage (Vaer Upper = 24 
Vcc), at which point the one-shot has timed out and the Q 
output goes low. 


The following, more detailed description of the circuit opera- 
tion refers to both the logic diagram and the timing diagram. 
QUIESCENT STATE 


In the quiescent state, before an input trigger appears, the 
output latch is high and the reset latch is high (#1 in logic 
diagram). 

Thus the Q output (pin 6 or 10) of the monostable multivi- 
brator is low (#2, timing diagram). 


CIRCUIT 
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TRIGGER-CONTROL i 
RESET CIRCUIT 


sac es lass ss Gaal 


TL/F/5217-3 


The output of the trigger-control circuit is low (#3), and tran- 
sistors M1, M2, and M3 are turned off. The external timing 
capacitor, Cy, is charged to Vcc (#4), and the upper refer- 
ence circuit has a tow output (#5). Transistor M4 is turned 
on and transmission gate Ti is turned off. Thus the lower 
reference circuit has Vcc at the noninverting input and a 
resulting low output (#6). 


In addition, the output of the trigger-control reset circuit is 
low. 


TRIGGER OPERATION 


The 'HC4538 is triggered by either a rising-edge signal at 
input A (#7) or a falling-edge signal at input B (#8), with the 
unused trigger input and the Reset input held at the voltage — 
levels shown in the Truth Table. Either trigger signa! will 
cause the output of the trigger-control circuit to go high 
(#9). 





Timing Diagram 


QUIESCENT 
STATE 


TRIGGER CYCLE 
(A INPUT) 


On 


TRIGGER INPUT A 
(PIN 4 OR 12) 


TRIGGER INPUT B 
(PIN 5 OR 11) 


TRIGGER-CONTROL 
CIRCUIT OUTPUT 


® 
® 
QO 
vaer LOWER“G3) \(B) 
® 


Ry /Cy INPUT 
(PIN 2 OR 14) 
Veer UPPER 


UPPER REFERENCE 
CIRCUIT 


LOWER REFERENCE 
CIRCUIT 


GS) 


RESET INPUT 
(PIN 3 OR 13) 


TRIGGER CYCLE 


(B INPUT) CLEAR ———»|+—-—————- RETRIGGER —————> 
tr fe 


RESET LATCH @| 


Q OUTPUT 
(PIN 6 OR 10) 


® 


saz 


Circuit Operation (continued) 


The trigger-control circuit going high simultaneously initiates 
three events. First, the output latch goes low, thus taking 
the Q output of the "HC4538 to a high state (#10). Second, 
transistor M3 is turned on, which allows the external timing 
capacitor, Cx, to rapidly discharge toward ground (#11). 
(Note that the voltage across Cy appears at the input of the 
upper reference circuit comparator.) Third, transistor M4 is 
turned off and transmission gate T1 is turned on, thus allow- 
ing the voltage across Cy to also appear at the input of the 
lower reference circuit comparator. 


When Cx discharges to the reference voltage of the lower 
reference circuit (#12), the outputs of both reference cir- 
cuits will be high (#13). The trigger-control reset circuit 
goes high, resetting the trigger-control circuit flip-flop to a 
low state (#14). This turns transistor M3 off again, allowing 
Cx to begin to charge back up toward Vcc, with a time 
constant t = RyCy (#15). In addition, transistor M4 is 
turned on and transmission gate T1 is turned off. Thus a 
high voltage level is applied to the input of the lower refer- 
ence circuit comparator, causing its output to go low (#16). 
The monostable multivibrator may be retriggered at any 
time after the trigger-contro! circuit goes low. 

When Cy charges up to the reference voltage of the upper 
reference circuit (#17), the output of the upper reference 
circuit goes low (#18). This causes the output latch to tog- 
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gle, taking the Q output of the 'HC4538 to a low state (#19), 
and completing the time-out cycle. 


RESET OPERATION 


A low voltage applied to the Reset pin always forces the Q 
output of the ’HC4538 to a low state. 


The timing diagram illustrates the case in which reset oc- 
curs (#20) while Cy is charging up toward the reference 
voltage of the upper reference circuit (#21). When a reset 
occurs, the output of the reset latch goes low (#22), turning 
on transistor M1. Thus Cy is allowed to quickly charge up to 
Voc (#23) to await the next trigger signal. 

Recovery time is the required delay after reset goes inactive 
to a new trigger rising edge. On the diagram it is shown as 
(#26) to (#27). 


RETRIGGER OPERATION 
In the retriggerable mode, the 'HC4538 may be retriggered 
during timing out of the output pulse at any time after the 
trigger-control circuit flip-flop has been reset (#24). Be- 
cause the trigger-control circuit flip-flop resets shortly after 
Cy has discharged to the reference voltage of the lower 
reference circuit (#25), the minimum retrigger time, try, is a 
function of internal propagation delays and the discharge 
time of Cx: 

Voc(volts) ¢ Cx(pF) 


= 72+ 
ney = 12 30.5 


, at room temperature 
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Circuit Operation (continued) 


POWER-DOWN CONSIDERATIONS 


Large values of Cx may cause problems when powering 
down the HC4538 because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, the capacitor may discharge from Vcc 
through the input protection diodes at pin 2 or pin 14. Cur- 
rent through the protection diodes must be limited to 30 mA; 
therefore, the turn-off time of the Vcc power supply must 
not be faster than t = Vcoc*Cy/(30 mA). For example, if 
Voc = 5V and Cy = 15 pF, the Vcc supply must turn off no 
faster than t = (15V)e(15 pF)/30 mA = 2.5 ms. This is 
usually not a problem because power supplies are heavily 
filtered and cannot discharge at this rate. 


When a more rapid decrease of Vcc to zero volts occurs, 
the HC4538 may sustain damage. To avoid this possibility, 
use an external clamping diode, Dy, connected from Vcc to 
the Cy pin. 


SET UP RECOMMENDATIONS 
Minimum Rx = 1 ko 
Minimum Cy = 0 pF. 
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Vcc — POWER SUPPLY VOLTAGE (V) 


TL/F/5217-5 
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MM54HC4543/MM74HC4543 
BCD-to-7 Segment Latch/Decoder/Driver 
for Liquid Crystal Displays 


General Description 


The MM54HC4543/MM74HC4543_ +BCD-to-7 segment 
latch/decoder/driver utilize advanced silicon-gate CMOS 
technology, and can be used either as a high speed decod- 
er or as a display driver. This circuit contains a 4-bit latch, 
BCD-to-7 segment decoder, and 7 output drivers. Data on 
the input pins flow through to the output when the LATCH 
ENABLE (LE) is high and is latched on the high to low tran- 
sition of the LE input. The PHASE input (PH) controls the 
polarity of the 7 segment outputs. When PH is low the out- 
puts are true 7 segment, and when PH is high the outputs 
are inverted 7 segment. When the PHASE input is driven by 
a liquid crystal display (LCD) backplane waveform the seg- 
ment pins output the correct segment waveform for proper 
LCD AC drive voltages. 


In addition a BLANKING INPUT (BI) is provided, which will 
blank the display. 


Connection Diagram 


Dual-in-Line Package 


TL/F/5128-1 
Top View 


Order Number MM54HC4543* or MM74HC4543* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Display Format 
Woh 
ef fc 


d 


TL/F/5128-2 


The MM54HC4543/MM74HC4543 are functionally and pin- 
out equivalent to the CD4543BC/CD4543BM and the 
MC14543BA/MC14543BC. All inputs are protected from 
damage due to static discharge by diodes to Vcc and 
ground. 


Features 

@ Typical propagation delay: 60 ns 

m Supply voltage range: 2-6V 

m@ Maximum input current: 1 pA 

@ Maximum quiescent supply current: 80 pA (74HC) 
Display blanking 

@ Low dynamic power consumption 


Truth Table 


LELLELLL 


FY 
o 
fe) 
a 
© 
ie 

ro) 
o 
a 

Zz 
D 

< 


Blank 


Crore ir~rrrirrTrTryrTrerTt 
Moe eryrer aptly rOrorLtiztIrtTT 
moeerijrr ezeryjzrrrjyrrerse 
rProeeijrertiir tir yrirTt 
mPreroeerler ere fi|erirrjrire 
Creer jer er crlrezrirrti|rerr st 
Corer yrerrrjrLrIrTrirTriIerre 


Inverse of Output 
Combinations 
Above 


| + jejzrzz oe ee ee 


X — don’t care 

7 =same as above combinations 

*=for liquid crystal readouts, apply a square wave to Ph. 
**=depends upon the BCD code previously applied when LE—H 
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MM54HC4543/MM74HC4543 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
‘Distributors for availability and specifications. 


Supply Voltage (Vcc) 

DC Input Voltage (Vin) 

DC Output Voltage (Vout) 

Clamp Diode Current (Ix, lox) 

DC Output Current, per pin (out) 

DC Vcc or GND Current, per pin (icc) 
Storage Temperature Range (TsTq) 


Power Dissipation (Pp) 
(Note 3) 
S.0. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


—0.5 to +7.0V 
—1.5 to Voc t+ 1.5V 
—0.5 to Voc + 0.5V 

+20mA 
+25mA 

+50 mA 

—65°C to + 150°C 


600 mW 
500 mw 


260°C 


DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin OF Vit 
lout] $20 pA 


Vin=Vin OF Vit 
llout|<0.4 mA 
lout] <0.52 mA 


Maximum Low Level 
Output Voltage 


Vin = Vin oF Vit 
llout| <0.4 mA 
llout| <0.52 mA 


Maximum Quiescent 


Vin= Vin OF Vit 
llouTl<20 pA 


2.0V 
4.5V 
6.0V 
4.5V 
6.0V 
Maximum Input ‘! Vin=Vcc or GND | 6.0V 
Current 


Operating Conditions 


Min ~ 


Supply Voltage (Vcc) 2 

DC Input or Output Voltage 0 
(Vin. Vout) 

Operating Temp. Range (Ta) 
MM74HG 
MM54HC 


Input Rise or Fall Times 
(t, t)  Vcc=2.0V 
Voc = 4.5V 
Vcc =6.0V 


Vin=Vcc or GND | 6.0V 
louT=0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Viz and Vj_ occur at Vcc = 5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (I\n, 
loc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi. limits are currently tested at 20% of Voc. The above Vj, specification (30% of Voc) will be implemented no later than Q1, CY’89. 


Supply Current 
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AC Electrical Characteristics v.c=5v, T,=25°C, C,=15 pF, t-=t}=6 ns 


tpHL, tpLH | Maximum Propagation 100 
Delay Data LE, BI, Ph to Output 
Minimum Setup Time 20 
LE to Data 
Minimum Hold Time 
Data to LE 


AC Electrical Characteristics CL=50 pF, t,= ty=6 ns (unless otherwise specified) 


afar 74HC 54HC 
Parameter Veet Ta = —40 to 85°C | Ta=—55 to 125°C | Units 


| Typ | Guaranteed Limits 


tpHL, tpLH | Maximum Propagation 2.0V | 300 | 600 
Delay Data LE, Ph, BI to Output 4.5V 1 60 | 120 a 
6.0V 102 129 152 


Minimum Setup Time 2.0V i 
LE to Data 4,.5V 
6.0V 


Minimum Hold Time 2.0V 
Data to LE 4.5V 
6.0V 


Power Dissipation 
Capacitance (Note 5) 


Maximum Input 
Capacitance 
Note 5; Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, ls =Cpp Vcc f+ Icc. 


- 

13 

Minimum LE Pulse Width 2.0V a 
4.5V 
6.0V 
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MM54HC4543/MM74HC4543 


Logic Diagram 


onBe 


! 


i 


eee 


O O 
O o Y o 


' 


Vcc = Pin 16 
GND = Pin8 


Blanking 
Latch Enable 


Data 
inputs 


Cl = 0.047 pF 
Rt = R2 = 100ki2 


TL/F/5128-4 
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National © 
Semiconductor 


MM54HC7266/MM74HC7266 Quad 2-Input 


Exclusive NOR Gate 


General Description 


This exclusive NOR gate utilizes advanced silicon-gate 
CMOS technology to achieve operating speeds similar to 
equivalent LS-TTL gates while maintaining the low power 
consumption and high noise immunity characteristic of stan- 
dard CMOS integrated circuits. These gates are fully buff- 
ered and have a fanout of 10 LS-TTL loads. The MM54HC/ 
MM74HC logic family is functionally as well as pin out com- 
patible with the standard 54LS/74LS logic family. However, 
unlike the 'LS266, which is an open collector gate, the 
-"HC266 has standard CMOS push-pull outputs. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Connection Diagram 


Features 

™ Typical propagation delay: 9 ns 

mw Wide operating voltage range: 2-6V 

m@ Low input current: 1 wA maximum 

w Low quiescent current: 20 pA maximum (74 Series) 
m= Output drive capability: 10 LS-TTL loads 

m@ Push-pull output 


Dual-In-Line Package 


Y3 


TL/F/8437-1 


Top View 


Order Number MM54HC7266* or MM74HC7266* 
*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Outputs 
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MM54HC7266/ MM74HC7266 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vout) —0.5 to Veo + 0.5V 
Clamp Diode Current (Ij, lox) +20mA 
DC Output Current, per pin (lout) +25mA 
DC Voc or GND Current, per pin (icc) +50mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.0. Package only 


Lead Temp. (T_) (Soldering 10 seconds) 


600 mW 
500 mw 


260°C 
DC Electrical Characteristics (note 4) 


Parameter 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage** 


Minimum High Level 
Output Voltage 


Vin= Vin oF Vit 
llourl <20 pA 


Vin= Vin OF Vi 
lout! <4.0mA 
lout] <5.2 mA 


Vin = Vin oF Vit 
llouTl <20 pA 


Maximum Low Level 
Output Voltage 


Vin = Vin oF Vit 
lout! <4.0mA 
lloutl $5.2 mA 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 0 
(Vins VouT) 
Operating Temp. Range (Ta) 
MM74HG 
MM54HC 
Input Rise or Fall Times 
(tri) Voc=2.0V 
Voc=4.5V 
Voc =6.0V 


74HC 
Ta=—40°C to 85°C | Ta= —55°C to 128°C | Units 


Maximum Input Vin= Vcc or GND | 6.0V +0.1 
Current 

Maximum Quiescent | Vin=Vcc or GND } 6.0V 

Supply Current louT =0 pA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (Voy, and Vo ) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Viq and Vi_ occur at Voc =5.5V and 4.5V respectively: (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (Ijn, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


**Vi. limits are currently tested at 20% of Voc. The above Vi, specification (30% of Voc) will be implemented no later than Q1, CY’89. 
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AC Electrical Characteristics vcoc=5v, T,=25°C, C_=15 pF, t-=t=6 ns 


Guaranteed 
tpHL, tepLH Maximum Propagation 12 20 
Delay 


99ZZOHPZWNIW /S9CZOHPSIIN 


AC Electrical Characteristics Voc = 2.0V to 6.0V, CL = 50 pF, t, = t; = 6 ns (unless otherwise specified) 


T = 25°C 74HC 54HC 
Parameter Conditions | Vcc at Ta= — 40°C to 85°C | Ta= —55°C to 125°C | Units 
Guaranteed Limits 


tpHL, tpLH | Maximum Propagation 151 ‘ 179 
Delay 


truL, trLH | Maximum Output Rise 
and Fall Time 
Power Dissipation (per gate) 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 
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MM74HC942 


National | 
Semiconductor 


MM74HC942 300 Baud Modem 


General Description 


The MM74HC942 is a full duplex low speed modem. It pro- 
vides a 300 baud bidirectional serial interface for data com- 
munication over telephone lines and other narrow band- 
width channels. It is Bell 103 compatible. 


The MM74HC942 utilizes advanced silicon-gate CMOS 


technology. Switched capacitor techniques are used to per- 
form analog signal processing. 


MODULATOR SECTION 


The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 


LINE DRIVER AND HYBRID SECTION 


The line driver and hybrid are designed to facilitate connec- 
tion to a 600M phone line. They can perform two-to-four- 
wire conversion and drive the line at a maximum of 0 dBm. 


DEMODULATOR SECTION 


The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine pole receive filter provides 60 dB of transmitted tone 
rejection. The. discriminator is fully balanced for stable 
operation. 


Connection and Block Diagrams 


Dual-In-Line Package 


Features 

m Drives 60020 at 0 dBm 

& All filters on chip 

m Transmit level adjustment compatible with universal 
service order code 

m TTL and CMOS compatible logic 

@ All inputs protected against static damage 

@ +5V supplies 

@ Low power consumption 

w Full duplex answer or originate operation 

w Analog loopback for self test 

mw Power down mode 


Applications 

@ Built-in low speed modems 
@ Remote data collection 

m Radio telemetry 

w Credit verification 

m Stand-alone modems 

g Point-of-sale terminals 

m@ Tone signalling systems 

m Remote process control 


XTALS 


MODULATOR 


TL/F/5348-1 
Top View 


Order Number MM54HC942* or 
MM74HC942* 


*Please look into Section 8, Appendix D for 
availability of various package types. 


TIMING 
AND 
CONTROL 


FREQUENCY 
DISCRIMINATOR 


al 


CARRIER 
DETECTOR 5 ‘ 


CDA COT FTLC 
TL/F/5348-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. Supply Voltage (Van) -45 
Supply Voltage (Vcc) —0.5 to +7.0V DC Input or Output Voltage 0 
Supply Voltage (Vgp) +0.5 to —7.0V (Vin. Vout) 

DC Input Voltage (Vij) Vgp—1.5 to Voct 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Voyr) Vep—0.5 to Vogt 0.5V MM74HC —40 
Clamp Diode Current (Ik, lox) +20 mA Input Rise or Fall Times 

DC Output Current, per pin (Iout) +25mA (tr, t) 

DC Vcc or GND Current, per pin (I¢c) +50 mA Ctystabtrequency 

Storage Temperature Range (Tsta) —65°C to + 150°C 

Power Dissipation (Pp) 


(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) 
(Soldering 10 seconds) 260°C 


cV60HPZNIN 


DC Electrical Characteristics 


74HC 
T=25°C 
Parameter Conditions | teawe | T= —40 to 85°C 


| Typ | Guaranteed Limits 
Minimum High Level 3.15 3.15 
Input Voltage 
Maximum Low Level a 1.1 
Input Voltage 


Minimum High Level ViN=Vin OF Vit 
Output Voltage llourl =20 pA 
llour| =4.0 mA, Veo = 4.5V 


Maximum Low Level Vin=VIH OF ViL 
Voltage llourl =20 pA 
llout| =4.0 mA, Vec=4.5V 


Maximum Input VIN= Voc or GND +£0.1 +1.0 
Current 

Output TRI-STATE® ALB=SQT=Vcc 

Leakage Current 

RXD and CD Outputs 


Icc: IBB Maximum Quiescent Vin=Veco, Vi-= GND 
Supply Current ALB or SQT=GND 
Transmit Level = —9dBm 


Icc; IpB Power Down Supply Current ALB=SQT=Vcc 
ViH= Voc, Vit= GND 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


*The demodulator specifications apply to the MM74HC942 operating with a modulator having frequency accuracy, phase jitter and harmonic content equal to or 
better than the MM74HC942 modulator. 
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MM74HC942 


AC Electrical Characteristics 


Unless otherwise specified, all specifications apply to the MM74HC942 over the range —40°C to +85°C using a Voc = 


£10%, a Veg = —5V +10% and a 3.579MHz +0.1% crystal.* 


Symbot_| __Perameter | _cenations | min | Typ fa] 
TRANSMITTER 
a 
Power Output Voo=50V | Anason | -3 | -15 | 0 | 
= ri=12Ke | Rna=saokn | -12 | -105 | -9 | 
| 2ndHarmonictnergy | Anon || 02 | 86 | 


RECEIVE FILTER AND HYBRID 


Hybrid Input Impedance 
Mecca 15 and 16) 
FTLC | FTLCOutput Impedance _ Impedance PC orrrr—CO Cees | lt 


Adjacent Channel Rejection RXA2=GND TXA=GND or Voc 
Input to RXA1 


DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 


| Carierampitude | tae | 8 


Bit Jitter SNR = 30dB . 
Input = —38 dBm 
Baud Rate = 300 Baud 


| sities | Atomatingt-oratem | | st 
Carrier Detect Trip Points CDA=1.2V | offtoon | -45 | -42 | -40 | 
Voo=s.ov_| ontoo | -a7 | -45 | -a2 | 

Loe] 


GarrierDetectHysteresis | Voo=sv_ Tk | 


AC Specification Circuit 


3.5795 MHz + 0.1% 
SUPPLIES Vcc = +5V 


Vep=—S5V 


DATA INPUT 


MM74HC942 


TEST 
OUTPUT : DATA OUTPUT 


TL/F/5348-3 
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+5V 


Units 





Description of Pin Functions 


Pin 
No. 


1 DSI 


Name Function 


Driver Summing Input: This may be used to 
transmit externally generated tones such as 
dual tone multifrequency (DTMF) dialing sig- 
nals. 


Analog Loop Back: A logic high on this pin 
causes the modulator output to be connect- 
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SQT are 
simultaneously held high the chip powers 
down. 


Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

Carrier Detect Timing: A capacitor on this 
pin sets the time interval that the carrier 
must be present before the CD goes low. 
Received Data: This is the data output pin. 
Positive Supply Pin: A + 5V supply is recom- 
mended. 

Carrier Detect Adjust: This is used for ad- 
justment of the carrier detect threshold. Car- 
rier detect hysteresis is set at 3 dB. 


Crystal Drive: XTALD. and XTALS connect 
to a 3.5795 MHz crystal to generate a crys- 
tal locked clock for the chip. If an external 
circuit requires this clock XTALD should be 
sensed. If a suitable clock is already avail- 


able in the system, XTALD can be driven. 
Crystal Sense: Refer to Pin 8 for details. 


Filter Test/Limiter Capacitor: This is con- 
nected to a high impedance output of the 
receive filter. It may thus be used to evalu- 


Functional Description 


INTRODUCTION 


A modem is a device for transmitting and receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC942 uses frequency shift keying (FSK) of an audio 
frequency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan- 
nels. The MM74HC942 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC942 is capable of transmit- 
ting and receiving data simultaneously. 

The tone allocation by the MM74HC942 and other Bell 103 
compatible modems is shown in Table |. The terms “‘origi- 
nate” and “answer” which define the frequency allocation 
come from use with telephones. The modem on the end of 
the line which initiates the call is called the originate mo- 
dem. The other modem is the answer modem. 


TABLE |. BELL 103 Allocation 


Originate Modem Answer Modem 
Transmit Transmit | Receive 
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Name Function 


ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA1 
and RXA2 must be grounded during this 
test. 


For normal modem operation FTLC is AC 
grounded via a 0.1 pF bypass capacitor. 


Transmitted Data: This is the data input. 


Negative Supply: The recommended supply 
is —5V. 

Originate/Answer mode select: When logic 
high this pin selects the originate mode of 
operation. 


Squelch Transmitter: This disables the mod- 
ulator when held high. The EXI input re- 
mains active. If SQT and ALB are simulta- 
neously held high the chip powers down. 


Receive Analog #2: RXA2 and RXA1 are 
analog inputs. When connected as recom- 
mended they produce a 6002 hybrid. 


Receive Analog #1: See RXA2 for details. 


Transmit Analog: This is the output of the 
line driver. 


External Input: This is a high impedance in- 
put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded. 


Ground: This defines the chip OV. 


Transmit Level Adjust: A resistor from this 
pin to Vcc sets the transmit level. 


THE LINE INTERFACE 


The line interface section performs two to four wire conver- 
sion and provides impedance matching between the mo- 
dem and the phone line. 


THE LINE DRIVER 


The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har- 
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 


THE HYBRID 


The voltage on the telephone line is the sum of the transmit- 
ted and received signals. The hybrid subtracts the transmit- 
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rarely happens because telephone line characteristic im- 
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 
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Functional Description (continued) 
THE DEMODULATOR SECTION 


The Receive Filter 


The demodulator recovers the data from the received sig- 
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre- 
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit- 
ted tones and other noise are filtered from the received sig- 
nal. This is a switched capacitor nine-pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60 Hz, a common noise component. 


The Discriminator 


The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 uF capacitor on the FTLC pin. 


The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out- 
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case sends 
RXD low. 


The demodulator is implemented using precision switched 
capacitor techniques. The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 


Carrier Detector 


The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad- 
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 


MODULATOR SECTION 


The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency produces one of four 
tones depending on the O/A and TXD pins. The frequencies 
are synthesized to high precision using a crystal oscillator 
and variable dual modulus counter. The counters used re- 
spond quickly to data changes, introducing negligible bit jit- 
ter while maintaining phase coherence. 

The sine wave synthesizer uses switched capacitors to 
“took up” the voltages of the sine wave. This sampled sig- 
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 


Applications Information 


TRANSMIT LEVEL ADJUSTMENT 


The transmitted power levels of Table I! refer to the power 
delivered to a 6009 load from the external 600M source 
impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir- 
cuits which do not match the load and source impedances. 
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The transmit level is programmable by placing a resistor 
from TLA to VCC. With a 5.5k resistor the line driver trans- 
mits a maximum of —9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be —12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC942 
will interface to most telephones. This arrangement is called 
the ‘permissive arrangement.” The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 


SNR can be maximized by adjusting the transmit level until 
the level at the exchange reaches — 12 dBm. This must be 
done with the cooperation of the telephone company. The 
programming resistor used is specific for a given installation 
and is often included in the telephone jack at the installa- 
tion. The modem is thus programmable and can be used 
with any jack correctly wired. This arrangement is called the 
universal registered jack arrangement and is possible with 
the MM74HC942. The values of resistors required to pro- 
gram the MM74HC942 follow the most common code in 
use; the universal service order code. The required resistors 
are given in Table Il. 


TABLE II. Universal Service Order Code Resistor Values 


Transmit 
Level 


Programming 
Resistor (RrLa) 
(Ohms) 


CARRIER DETECT THRESHOLD ADJUSTMENT 


The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kN. 
By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used; 

Vopa = 244 X Von 

Vepa = 345 X VoFF 


CARRIER DETECT TIMING ADJUSTMENT 
CDT: A capacitor on Pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equations 
are: 
TODL = 6.4XCcpr_ for CD going low 
TcopH = 0.54XCcpr_ for CD going high 
Where T&p. & TGDH are in seconds, and Copt is in pF. 





Applications Information (continued) 


DESIGN PRECAUTIONS 


Power supplies to digital systems may contain high ampli- 
tude spikes and other noise. To optimize performance of the 
MM74HC942 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 


Power supply decoupling close to the device is recommend- 
ed. Ground loops should be avoided. For further discussion 
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of these subjects see the Audio/Radio Handbook published 
by National Semiconductor Corporation. 


Interface Circuits for MM74HC942 300 Baud Modem 
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4 WIRE CONNECTION 


l 


XTALO 


TXA 


RXAT MM 74HC942 


Cor 


serge 


TL/F/5348-4 


Copt and Rr, should be chosen to suit the application. See the Applications Information for more details. 


Complete Acoustically Coupled 300 Baud Modem 


MM74HC942 


0.22 pF 


= 


0.1 uF 


Note: The efficiency of the acoustic coupling will set the valves of R1 and Re. 
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MM74HC943 


National © 
Semiconductor 


PRELIMINARY 


MM74HC943 300 Baud Modem 


General Description 


The MM74HC943 is a full duplex low speed modem. It pro- 
vides a 300 baud bidirectional serial interface for data com- 
munication over telephone lines and other narrow band- 
width channels. It is Bell 103 compatible. 

The MM74HC943 utilizes advanced silicon-gate CMOS 
technology. Switched capacitor techniques are used to pe- 
form analog signal processing. 


MODULATOR SECTION 


The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. 


LINE DRIVER AND HYBRID SECTION 


The line driver and hybrid are designed to facilitate connec- 
tion to a 6002 phone line. They can perform two to four wire 
conversion and drive the line at a maximum of —9 dBm. 


DEMODULATOR SECTION 


The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine-pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 


Connection and Block Diagrams 


Dual-In-Line Package 


Features 

m 5V supply 

gm Drives 6000 at —9 dBm 

@ All filters on chip 

m@ Transmit level adjustment compatible with universal 
service order code 


mg TTL and CMOS compatible logic 

m All inputs protected against static damage 
m Low power consumption 

m Full duplex answer or originate operation 
m Analog loopback for self test 

m Power down mode 


Applications 

mw Built-in low speed modems 
uw Remote data collection 

m Radio telemetry 

@ Credit verification 

m Stand-alone modems 

@ Point-of-sale terminals 

m Tone signaling systems 


m Remote process control 


XTALS XTALD 


MODULATOR 


FREQUENCY 
SYNTHESIZER 


SINEWAVE 


7 SYNTHESIZER 


O/A 
GND 


TXD 


TOP VIEW TL/F/5349~1 


Order Number MM74HC943* 


*Please look into Section 8, Appendix D for 
availability of various package types. 


CARRIER - 
em 


COA COT FTLC 


TL/F/5349-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vin. VouT) 

DC Input Voltage (Vin) —1.5 to Voct+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HC 

Clamp Diode Current (lx, lox) +20 mA Input Rise or Fall Times 

DC Output Current, per pin (Iqut) +25 mA (tr, th) 

DC Vcc or GND Current, per pin (Icc) +50 mA Crystal frequency 

Storage Temperature Range (TstaG) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T.) (Soldering 10 seconds) 260°C 
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DC Electrical Characteristics Vcoc=5V +10% (unless otherwise specified) 


-  74HC 
Ta=25°C 
Parameter Conditions Ta= — 40 to 85°C 
Guaranteed Limits 
Minimum High Level 3.15 3.15 
Input Voltage 
Maximum Low Level 
Input Voltage 
Minimum High Level Vin= Vin OF Vit 
Output Voltage llout|=20 pA Vec—0.05 | Voc—0.1 
lloytl = 4.0 mA, Vec=4.5V 3.84 : 
Maximum Low Level Vin= Vin OF Vit 
Voltage llout| = 20 pA 0.1 0.1 
llout| =4.0 mA, Veco =4.5V 0.33 0.4 
Maximum Input Vin= Vcc or GND +0.1 +1.0 
Current 


Output TRI-STATE® ALB=SQT=Vcc 
Leakage Current, 
RXD and CD Outputs 


Maximum Quiescent Vin= Veco, Vit= GND 
ee ie Current ALB or SQT=GND 


| AnalogGround Current | Ground Current Transmit Level = —9 dBm 


Power Down Supply Current | ALB=SQT=Vcc 
Vin= Veo, Vi-= GND 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


*The demodulator specifications apply to the MM74HC943 operating with a modulator having frequency accuracy, phase jitter and harmonic content equal to or 
better than the MM74HC943 modulator. 
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MM74HC943 


AC Electrical Characteristics 


Unless otherwise specified, all specifications apply to the MM74HC943 over the range — 40°C to +85°C using a Vcc of + 5V 
£10%, and a 3.579 MHz +0.1% crystal.* 


Symbol Conditions | min | typ | max | units 
ee a 


Carrier | Carrier Frequency Error —_—| Error 


Power Output Voc = 5.0V RtLa = 54909 
Ry = 1.2 kn 


2nd Harmonic | 2ndHarmonicEnergy —_| RtLa = 54909 
RECEIVE FILTER AND HYBRID 


Hybrid Input Impedance 
Lo a 15 and 16) 


FTLC | FTLC Output Impedance _| impedance ae ee eee 


Adjacent Channel Rejection | RXA2=GNDA, TXD=GND or Voc 
Input to RXA1 


DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 


-Carieramoite ff a fi | dBm 


Bit Jitter SNR = 30dB 
Input = —38 dBm 
Baud Rate = 300 Baud 


Alternating 1~0 Pattern 
Carrier desde: Points CDA=1.2V Off to On rae foe dBm 
Voo=5.0V On to Off dam 
Eee me (a 


Carrier Detect Hystereisis Voc=5.0V 





AC Specification Circuit 


3.5795 MHz + 0.1% 
SUPPLIES Vcc = +5V 


MM74HC943 


DATA INPUT 


DATA OUTPUT 


0.1 uF 10% 


lee GNDA 


TL/F/5349-3 





3-450 


Description of Pin Functions 
Pin 
No. 

1 DSI 


Name _ Function 


Driver Summing Input: This input may be 
used to transmit externally generated tones 
such as dual tone multifrequency (DTMF) di- 
aling signals. 

Analog Loop Back: A logic high on this pin 
causes the modulator output to be connect- 
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SQT are 
simultaneously held high the chip powers 
down. 


Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

Carrier Detect Timing: A capacitor on this 
pin sets the time interval that the carrier 
must be present before the CD goes low. 
Received Data: This is the data output pin. 
Positive Supply Pin: A + 5V supply is recom- 
mended. 

Carrier Detect Adjust: This is used for ad- 
justment of the carrier detect threshold. Car- 
rier detect hysteresis is set at 3 dB. 


Crystal Drive: XTALD and XTALS connect 
to a 3.5795 MHz crystal to generate a crys- 
tal locked clock for the chip. If an external 
circuit requires this clock XTALD should be 
sensed. If a suitable clock is already avail- 


able in the system. XTALD can be driven. 
Crystal Sense: Refer to pin 8 for details. 


Filter Test/Limiter Capacitor: This is con- 
nected to a high impedance output of the 
receiver filter. It may thus be used to evalu- 


Functional Description 


INTRODUCTION 


A modem is a device for transmitting and receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC943 uses frequency shift keying (FSK) of audio fre- 
quency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan- 
nels. The MM74HC943 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC943 is capable of transmit- 
ting and receiving data simultaneously. 

The tone allocation used by the MM74HC943 and other Bell 
103 compatible modems is shown in Table |. The terms 
“originate” and “answer” which define the frequency allo- 
cation come from use with telephones. The modem on the 
end of the line which initiates the call is called the originate 
modem. The other modem is the answer modem. 


TABLE I. Bell 103 Tone Allocation 


Originate Modem 
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Function 


ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA1 
and RXA2 must be grounded during this 
test. 


For normal modem operation FTLC is AC 
grounded via a 0.1 .F bypass capacitor. 


Transmitted Data: This is the data input. 
Ground: This defines the chip OV. 


Originate/Answer mode select: When logic 
high this pin selects the originate mode of 
operation. 


Squelch Transmitter: This disables the mod- 
ulator when held high. The EX! input re- 
mains active. lf SQT and ALB are simulta- 
neously held high the chip powers down. 


Receive Analog #2: RXA2 and RXA1 are 
analog inputs. When connected as recom- 
mended they produce a 60002 hybrid. 


Receive Analog #1: See RXA2 for details. 


Transmit Analog: This is the output of the 
line driver. 


External Input: This is a high impedance in- 
put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded to GNDA. 


Analog Ground: Analog signals within the 
chip are referred to this pin. 


Transmit Level Adjust: A resistor from this 
pin to Vcc sets the transmit level. 


THE LINE INTERFACE 


The line interface section performs two to four wire conver- 
sion and provides impedance matching between the mo- 
dem and the phone line. 


THE LINE DRIVER 


The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har- 
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 


THE HYBRID 


The voltage on the telephone line is the sum of the transmit- 
ted and received signals. The hybrid subtracts the transmit- 
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rarely happens because telephone line characteristic im- 
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 





€rP60HPZNN 





MM74HC943 


Functional Description (continued) 
THE DEMODULATOR SECTION 


The Receive Filter 


The demodulator recovers the data from the received sig- 
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre- 
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit- 
ted tones and other noise are filtered from the received sig- 
nal. This is a switch capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60Hz, a common noise component. 


The Discriminator 


The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 uF capacitor on the FTLC pin. 


The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out- 
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case. sends 
RXD low. 


The demodulator is implemented using precision switched 
capacitor techniques The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 


Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection ‘circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad- 
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 


MODULATOR SECTION 


The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency synthesizer produces 
one of four tones depending on the O/A and TXD pins. The 
frequencies are synthesized to high precision using a crystal 
oscillator and variable dual modulus counter. 

The counters used respond quickly to data changes, introduc- 
ing negligible bit jitter while maintaining phase coherence. 
The sine wave synthesizer uses switched capacitors to 
“look up” the voltages of the sine wave. This sampled sig- 
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 


Applications Information 


TRANSMIT LEVEL ADJUSTMENT 


The transmitted power levels of Table Il refer to the power 
delivered to a 600N load from the external 600 source 
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impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir- 
cuits which do not match the load and source inpedances. 


The transmit level is programmable by: placing a resistor 
from TLA to Vcc. With a 5.5k resistor the line driver trans- 
mits a maximum of —9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be —12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC943 
will interface to most telephones. This arrangement is called 
the “permissive arrangement.” The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 


TABLE II. Universal Service Order Code Resistor Values 


Programming 
Resistor (RrLa) 
(2) 


Transmit 
Level 
(dBm) 


CARRIER DETECT THRESHOLD ADJUSTMENT 


The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kN. 
By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used: 

- Vepa = 244 X Von 

Vopa=345 X VorF 


CARRIER DETECT TIMING ADJUSTMENT 


CDT: A capacitor on Pin. 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equations 
are: 


Top. = 6.4XCecpt for CD going low 
—Tepy & 0.54XCcpt for CD going high 
Where Tépr & TépH are in seconds, and Ccpr is in pF. 


DESIGN PRECAUTIONS 


Power supplies to digital systems may contain high ampli- 
tude spikes and other noise. To optimize performance of the 
MM74HC943 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 
Power supply decoupling close to the device is recommend- 
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by Nationai Semiconductor Corporation. 


Applications Information (continued) 


Interface Circults for MM74HC943 300 Baud Modem 
2 Wire Connection 
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Cepr and Rr_a should be chosen to suit the application. See the Applications Information for more details. 
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MM74HC943 


Applications Information (Continued) 


_ Complete Acoustically Coupled 300 Baud Modem 
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+5V 3.58 MHz 


0.1 uf 


GND XTALS 


MM74HC943 


0.22 uF 


a 


Note: The efficiency of the acoustic coupling will set the values of R1 and R2. 
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Section 4 Contents 


MM54HCT00/MM74HCTOO Quad 2-Input NAND Gate 
MM54HCT03/MM74HCT03 Quad 2-Input NAND Gate (Open Drain) 
MM54HCT04/MM74HCT04 Hex Inverter 

MM54HCT05/MM74HCTO05 Hex Inverter (Open Drain) 
MM54HCT08/MM74HCT08 Quad 2-input AND Gate 
MM54HCT32/MM74HCT32 Quad 2-Input OR Gate 
MM54HCT34/MM74HCT34 Non-Inverting Gate 

MM54HCT74/MM74HCT74 Dual D Flip-Flops with Preset and Clear 
MM54HCT76/MM74HCT76 Dual J-K Flip-Flops with Preset and Clear 
MM54HCT109/MM74HCT109 Dual J-K Flip-Flops with Preset and Clear 
MM54HCT112/MM74HCT112 Dual J-K Flip-Flops with Preset and Clear 
MM54HCT138/MM74HCT138 3-to-8 Line Decoder 
MM54HCT139/MM74HCT139 Dual 2-to-4 Line Decoder 
MM54HCT147/MM74HCT147 10-to-4 Line Priority Encoder 
MM54HCT148/MM74HCT148 8-to-3 Line Priority Encoder 
MM54HCT149/MM74HCT149 8-Line to 8-Line Priority Encoder 
MM54HCT151/MM74HCT151 8-Channel Digital Multiplexer 
MM54HCT153/MM74HCT153 Dual 4-input Multiplexer 
MM54HCT155/MM74HCT155 Dual 2-to-4 Line Decoder/Demultiplexers 
MM54HCT157/MM74HCT157 Quad 2-Input Multiplexer 
MM54HCT158/MM74HCT158 Quad 2-Input Multiplexer (Inverted Output) 
MM54HCT164/MM74HCT 164 8-Bit Serial-In/Parallel-Out Shift Register 
MM54HCT166/MM74HCT 166 8-Bit Parallel-In/Serial-Out Shift Register 
MM54HCT190/MM74HCT190 Synchronous Decode Up/Down Counters with Mode Control . 
MM54HCT191/MM74HCT191 Synchronous Binary Up/Down Counters with Mode Contro! .. 
MM54HCT192/MM74HCT192 Synchronous Decode Up/Down Counters 
MM54HCT193/MM74HCT193 Synchronous Binary Up/Down Counters 
MM54HCT240/MM74HCT240 inverting Octal TRI-STATE Buffer 
MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 Octal TRI-STATE Buffer 
MM54HCT245/MM74HCT245 Octal TRI-STATE Transceiver 
MM54HCT251/MM74HCT251 8-Channel TRI-STATE Multiplexer 
MM54HCT253/MM74HCT253 Dual 4-Channel TRI-STATE Multiplexer 
MM54HCT257/MM74HCT257 Quad 2-Channel TRI-STATE Multiplexer 
MM54HCT258/MM74HCT258 Quad 2-Channel TRI-STATE Multiplexer (Inverted Output)... . 
MM54HCT273/MM74HCT273 Octal D Flip-Flop with Clear 
MM54HCT373/MM74HCT373 TRI-STATE Octal D-Type Latch 
MM54HCT374/MM74HCT374 TRI-STATE Octal D-Type Flip-Flop 
MM54HCT521/MM74HCT521 8-Bit Magnitude Comparator (Equality Detector) 
MM54HCT533/MM74HCT533 TRI-STATE Octal D-Type Latch 
MM54HCT534/MM74HCT534 TRI-STATE Octal D-Type Flip-Flop 
MM54HCT540/MM74HCT540 Inverting Octal TRI-STATE Buffer 
MM54HCT541/MM74HCT541 Octal TRI-STATE Buffer 
MM54HCT640/MM74HCT640 Inverting Octal TRI-STATE Transceiver 
MM54HCT643/MM74HCT643 True-Inverting Octal TRI-STATE Transceiver 
MM54HCT688/MM74HCT688 8-Bit Magnitude Comparator (Equality Detector) 
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MM54HCT00/MM74HCT00O 
Quad 2 Input NAND Gate 


General Description 


The MM54HCT00/MM74HCTO0O are NAND gates fabricated 
using advanced silicon-gate CMOS technology which pro- 
vides the inherent benefits of CMOS—low quiescent power 
and wide power supply range. These devices are input and 
output characteristic and pin-out compatible with standard 
DM54LS/74LS logic families. All inputs are protected from 
static discharge damage by internal diodes to Vcc and 
ground. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 


Connection and Logic Diagrams 


devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

m@ TTL, LS pin-out and threshold compatible 
m Fast switching: tpLy, tpH_= 14 ns (typ) 

m Low power: 10 ».W at DC 


. @ High fan out, 10 LS-TTL loads 


Dual-In-Line Package 


TL/F/5356-1 


Top View 


Order Number MM54HCTO00* or MM74HCTOO* 


*Please look into Section 8, Appendix D for availability of various package types. 


(1 of 4 gates) 


TL/F/5356-2 
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MM54HCT00/MM74HCTO00 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voct 1.5V 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V 
Clamp Diode Current (I\k, lox) +20 mA 
DC Output Current, per pin (IouT) +25 mA 
DC Voc or GND Current, per pin (loc) £50 mA 


Operating Conditions 
Min 

Supply Voltage (Vcc) 45 

DC Input or Output Voltage 0 
(Vin Vout) 

Operating Temp. Range (Ta) 
MM74HCT - —40 
MM54HCT —55 

Input Rise or Fall Times 
(tr, ty) 


Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mw 
S.O. Package only 500 mw 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics voc=5v +10% (unless otherwise specified) 


Parameter Conditions a= Ta=—40 to 85°C | Ta= —55 to 125°C | Units 


| Typ | Guaranteed Limits 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin= Vix or Vic 
Output Voltage lout] =20 pA 
llourl=4.0 mA, Voc =4.5V | 4.2 


lloutl =4.8 mA, Voc=5.5V | 5.2 


Maximum Low Level | Vin=Vin 

Voltage llour| =20 pA 
llout| =4.0 mA, Voc =4.5V 
llout| =4.8 mA, Voc=5.5V 


Maximum Input Vin= Voc or GND, +0.1 +1.0 
Current Vin or Vit 
Maximum Quiescent | Vin=Voc or GND 


Supply Current ae 5d 


louT=90 pA 


Vin=24vorosviNote [ore] 03 | 04 | os 


AC Electrical Characteristics voc=5.0v, t,=t;=6 ns, C_=15 pF, Ta = 25°C (unless otherwise noted) 


Symbol Conditions Guaranteed Limit Units 
tins tea | MaximumPropagationDelay | == | 14 | tts 





AC Electrical Characteristics Voc = 5.0V + 10%, tp=tt=6 ns, C_ = 50 pF (unless otherwise noted) 


T,=25°C 74HCT 54HCT 
Parameter Conditions A Ta= —40 to 85°C | Ta=—55 to 125°C 


Guaranteed Limits 
teins teu. | MaximumPropagationDelay | | te | 23 | 20 | 8 
trutrun | MaximumOutputRise&raitime| | 8 | 15 | 19 | 
| PowerDissipationGapacitance | (Notes) | so | | | 
FinputCapaciancs | TS | | CdYSCCtC*d 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J" package: — 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per input with all other inputs held at Voc or ground. 

Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ !oc Voc, and the no load dynamic current consumption, ls = Cpp Voc f+ Icc. 





OOLOHPZWA/0OLOHPSWA 


MM54HCT03/MM74HCT03 


National - 
Semiconductor 


MM54HCT03/ MM74HCTO03 


Quad 2-Input NAND Gate (Open Drain) 


General Description 


The MM54HCT03/MM74HCTO03 are logic functions fabri- 
cated by using advanced silicon-gate CMOS technology 
which provides the inherent benefits of CMOS—low quies- 
cent power and wide power supply range. These devices 
are input and output characteristic and pinout compatible 
with standard DM54LS/74LS logic families. All inputs are 
protected from static discharge damage by internal diodes 
to Vcc and ground. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 


Connection and Logic Diagrams 


devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 


’ in existing designs. 


‘Features 


uw TTL, LS pin-out and threshold ne 
@ Fast switching: tpcy, tpy_ = 12 ns (typ) 
@ Low power: 10 pW at DC 

m High fan-out, 10 LS-TTL loads 


Dual-In-Line Package 


Al BI Y1 


B2 Y2 
TL/F/9395~1 


Order Number MM54HCT03* or MM74HCT03* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/9395-2 





Absolute Maximum Ratings (notes 1 @ 2) Operating Conditions 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 
Distributors for availability and specifications. DC Input or Output Voltage 
Supply Voltage (Vcc) —0.5V to +7.0V (Vin: Vout) 
DC Input Voltage (Vin) —1.5V to Voc + 1.5V Operating Temperature Range (Ta) 
DC Output Voltage (Vout) ~0.5V to Veg +0.5V spelt 
Clamp Diode Current (lik lox) +20mA Input Rise or Fall Times 
DC Output Current, per Pin (Iout) +25 mA (te, ty) 
DC Vcc or GND Current, per Pin (Icc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 


Lead Temperature (T:) 
(Soldering, 10 seconds) 260°C 


€0.LOHPZWW/E0LOHPSIAIN 


DC Electrical Characteristics Voc = 5v +10% (unless otherwise specified) 


Parameter Conditions Ril Ta= —40°C to + 85°C} Ta = — 55°C to + 125°C | Units 
Guaranteed Limits 


Minimum High Level 2.0 
Input Voltage : 
Maximum Low Level 

Input Voltage 


Maximum Low Level Vin=Vin 
Voltage llour| =20 pA 


llout| =4.0 mA, Vec=4.5V 


lout] =4.8 mA, Voc = 5.5V 
Maximum Input Vin= Vcc or GND, +04 
Current Vin or Vit 
Minimum High Level Vin = Vin or Vir, 
Output Leakage Current! Vout = Vcc 
Maximum Quiescent Vin= Vcc or GND 20 
Supply Current louT=0 pA 


Vin=2avorosviNoteg | | 12] 14 | 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package; — 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per input with all other inputs held at Voc or ground. 





MM54HCT03/MM74HCTO3 


AC Electrical Characteristics voc = 5.0v, T, = 25°C, C, = 15 pF, t, = ty = 6ns, unless otherwise noted 


_ Conditions 
Maximum Propagation Delay Ry = 1k 
Maximum Propagation Delay Ri = 1kn 


AC Electrical Characteristics voc = 5.0v +10%, C, = 50 pF, t, = t} = 6ns, unless otherwise specified 


T, €25° 74HCT 54HCT . 
Parameter Conditions = Ta=—40°C to + 85°C | Ta= ~55°C to + 125°C Units 


| Typ | Guaranteed Limits 


Maximum Propagation Delay [A= 1Kn | to [ot 2 | 
Maximum en eam a Delay _| Ru = 1k0 ———————— 


Maximum | Maximum Output Fall Time _| Fall Time 


Power Dissipation Capacitance — gate) 
nae 5) wal = 0 


Maximum Input | Maximum Input Capacitance _| 


_ Note 5: Cpp determines the no load dynamic power consumption, Pp = ee ae f+lcc Voc, and the no load ae current consumption, Is= a Voc f+loc. 





National - 
Semiconductor 


MM54HCT04/MM74HCT04 Hex Inverter 


General Description Features 


The MM54HCT04/MM74HCT04 are logic functions fabri- ™ TTL, LS pin-out and threshold compatible 
cated by using advanced silicon-gate CMOS technology m Fast switching: tpLy, tpy_= 12 ns (typ) 
which provides the inherent benefits of CMOS - low quies- —™ Low power: 10 »W at DC, 3.7 mW at 5 MHz 
cent power and wide power supply range. These devices =m High fanout: = 10 LS loads 

are input and output characteristic as well as pin-out com- sg Inverting, triple buffered 

patible with standard DM54LS/74LS logic families. The 
MM54HCT04/MM74HCTO04, triple buffered, hex inverters, 
feature low power dissipation and fast switching times. All 
inputs are protected from static discharge by internal diodes 
to Voc and ground. . 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. ; 


POLOHPZWA/POLOHPSWN 


Connection Diagram 


Y2 
TL/F/5357-1 


Top View 
Order Number MM54HCT04* or MM74HCT04* 


*Please look into Section 8, Appendix D for availability of various package types. 





MM54HCT04/MM74HCT04 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 45 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Volt —1. +4. 
pput veltade (Vin) Us toN ce bS¥ Operating Temp. Range (Ta) 
DC Output Voltage (Voy) —0.5 to Voc + 0.5V MM74HCT 
Clamp Diode Current (I\x, lox) +20mA MMS54HCT 
DC Output Current, per pin (lout) +25mA Input Rise or Fall Times 
DC Vcc or GND Current, per pin (Ico) +50 mA (t,, ty) 
Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
$.0. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Input or Output Voltage 0 
(Vin, Vout) 


DC Electrical Characteristics Voc=5V +10% (unless otherwise specified) 


Parameter Conditions 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level | Vin = Vir 

Output Voltage lout|=20 pA Voc | Voc—0.1 
2 : 
2 


lout] =4.0 mA, Voc=4.5V | 4 
lout] = 4.8 mA, Voc=5.5V | 5 


Maximum Low Level | Vin=Vin 
Voltage loyt| = 20 pA 
lout} = 4.0 mA, Vcc =4.5V 


lout] = 4.8 mA, Voc=5.5V 


Maximum Quiescent 
Supply Current 


Maximum Propagation Delay 


tpLH, tPHL 
tri trun | Maximum Output Rise &FallTime | 
| InputCapacitance | 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


74HCT 54HCT 
Parameter —40to 85°C | Ta= —55to 125°C | Units 





Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: ~ 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per input with all other inputs held at Voc or ground. 

Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+Ioc Vcc, and the no load dynamic current consumption, Is =Cpp Vcc f +Icc. 
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National - 
Semiconductor 


MM54HCT05/MM74HCT05 
Hex Inverter (Open Drain) 


General Description 


The MM54HCT05/MM74HCTO05 are logic functions fabri- 
cated by using advanced silicon-gate CMOS technology, 
which provides the inherent benefits of CMOS—low quies- 
cent power and wide power supply range. These devices 
are also input and output characteristic and pinout compati- 
ble with standard DM54LS/DM74LS logic families. The 
MM54HCTO5/MM74HCT05 open drain Hex Inverter re- 
quires the addition of an external resistor to perform a wire- 
NOR function. 


All inputs are protected from static discharge damage by 
internal diodes to Vcc and ground. 


Connection Diagram 


MMS54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 
m Open drain for wire-NOR function 
@ LS-TTL pinout and threshold compatible 
 Fanout of 10 LS-TTL loads 
@ Typical propagation delays: | 
tpLy (with 1k resistor) 10 ns 
tpH_ (with 1 kQ resistor) 8 ns 


Dual-In-Line Package 


¥1 A2 


A3  ¥3 TL/F/5358~1 


Top View 
Order Number MM54HCT05* or MM74HCT05* 


*Please look into Section 8, Appendix D for availability of various package types. 


Logic Diagram 


OUTPUT 


ved 


TL/F/5358-2 


Typical Application 


TL/F/5358-3 


Note: Can be extended to more than 2 inputs. 
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MM54HCT05/MM74HCT05 





Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin: Vout) 

DC Input Voltage (Vin) —1.5 to Voc + 1.5V rt oop 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V MMS54HCT —55 
Clamp Diode Current (lik, lox) +20 mA Input Rise or Fall Times 

DC Output Current, per pin (loyt) +£25mA (tr, te) 

DC Vcc or GND Current, per pin (Icc) +50 mA 

Storage Temperature Range (Tst«g) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
$.0. Package only 500 mW 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (voc=5v +10%, unless otherwise specified) 


T.=25°C 74HCT 54HCT 
Parameter a~ Ta=—40 to 85°C | Ta= —55 to 125°C | Units 


| Typ | Guaranteed Limits 


Minimum High Level 2.0 
Input Voltage 

Maximum Low Level 

Input Voltage 


Maximum Low Level | Vin= Viv 


Voltage llourl = 20 pA 
lloutl=4.0 mA, Voc =4.5V 
lloutl = 4.8 mA, Voo=5.5V 


Maximum Input Vin= Vcc or GND, +0.1 +1.0 £1.0 
Current Vin or Vit 
Minimum High Level | Vin=Viy or VIL, VouT=Vec 0.5 
Output Leakage 
Current 
Maximum Quiescent | Vin=Vcc or GND 40 
Supply Current louT=OpnA 
ViIN= 2.4V or 0.5V 
(Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N"” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per input with all other inputs held at Vcc or ground. 





4-12 


AC Electrical Characteristics Voc = 5V, Ta = 25°C, C_= 15 pF, t-=t;=6 ns unless otherwise noted. 


Maximum Propagation Delay | RL=1ko | 1kQ 
| tz __| Maximum Propagation Delay | Ru=1k0 Ee cee 


AC Electrical Characteristics Voc=5V +10%, C_ =50 pF, t, = t}=6 ns unless otherwise specified 


25°C 74HCT 54HCT 
Parameter Conditions Ta= Ta= — 40 to 85°C Ta= —55 to 125°C 


cs Guaranteed Limits 


Maximum Propagation RL=1ka 

Delay 

Maximum Propagation RL=1kn 12 

Delay 

Maximum Output 10 

Fall Time 

Power Dissipation (per gate) 

Capacitance (Note 5) RL=0 

Maximum Input 10 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ Icc Voc, and the no load dynamic current consumption, ls = Cpp Vcc f+ Ice. 
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SOLOHPZWIA/SOLOHPSIAIA 


‘MM54HCT08/MM74HCT08 


National - 
Semiconductor 


MM54HCT08/MM74HCT08 
Quad 2-Input AND Gate 


General Description - 


The MM54HCT08/MM74HCTO08 are logic functions fabri- 
cated by using advanced silicon-gate CMOS technology 
which provides the inherent benefits of CMOS—low quies- 
cent power and wide power supply range. These devices 
are input and output characteristic and pinout compatible 
with standard DM54LS/74LS logic families. All inputs ‘are 
protected from static discharge damage by internal diodes 
to Voc and ground. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 


Connection and Logic Diagrams 


devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

w@ TTL, LS pin-out and threshold compatible 
m Fast switching: tpiy, tex. = 12 ns (typ) 
m Low power: 10 pW at DC 

@ High fan-out, 10 LS-TTL loads 


Dual-In-Line Package 


Al B1 Y1 


Be 12 an TL/F/5754-1 


Order Number MM54HCT08* or MM74HCT08* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/5754-2 





Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 5.5 Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Vcc Vv 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin: Vout) 
DC Input Voltage (Vin) —1.5 to Veg +1.5V Operating Temperature Range (Ta) 
DC Output Voltage (Voy) —0.5 to Veg +0.5V MM74HCT -40 +85 °C 
Clamp Diode Current (lik, lox) +20mA MMS4HCT ; “55 +125 °C 
DC Output Current, per pin (Ioyt) +25mA Input Rise or Fall Times 
DC Voc or GND Current, per pin (I¢c) +50 mA (tr t) og; 38S 
Storage Temperature Range (TstTa) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temperature (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics voco=5v +10% (unless otherwise specified) 


a pies 74HCT 54HCT 
Parameter A Ta= —40 to 85°C | Ta= —55 to 125°C | Units 












etn Typ Guaranteed Limits 

Minimum High Level 2.0 2.0 2.0 

Input Voltage 

Maximum Low Level 

Input Voltage 

Minimum High Level | Vin=Vjq or Vit 

Output Voltage llout|=20 pA Voc | Voc—0.1 
lloyt] = 4.0 MA, Vec=4.5V | 4.2 : 
lloytl =4.8 MA, Voc=5.5V | 5.2 . 

Maximum Low Level | Vin=Viy 

Voltage lout! =20 pA 


lloutl = 4.0 mA, Voc =4.5V 
lloutl =4.8 mA, Voc =5.5V 


Maximum Input Vin= Voc or GND, Vyy or Vit +0.1 +1.0 +1.0 
Current 
























Maximum Quiescent | Vin=Vcc or GND 
Supply Current 





louT=0 pA 


Vin=2.4V or 0.5V (Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic "N” package —12 mW/°C from 65°C to 85°C: ceramic ‘J package 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per input with all other inputs held at Voc or ground. 
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80.LOHPZWW/80LOHPSINW 


MM54HCT08/MM74HCTO08 


fe Electrical Characteristics voc=5.0v, t,=t;=6 ns, C,=15 pF, Ta= 25°C 


Conditions| Typ | Guaranteed Limit 
tours ten | Maximum Propagation Delay | | | 


AC Electrical Characteristics voc=5.0v+ 10%, t,=t;=6 ns, C, =50 pF 


ene we ae) a ane 
Parameter | Ta= —40to 85°C | Ta= —55 to 125°C | Units 
| | Tye | 
thu PHL ea rial ere 
tru trun | MaximumOutputRisearaltime | | 7 | ts] ta | zk 
| Powerissipation Capacitance | (Notes) | 38 | | | 
[inputCapactancs | ts ft] to | Ct 


Note 5: Cpp determines the no load dynamic power consumption. Pp =Cpp Vcc? f+ loc Voc and the no load dynamic current consumption. Is=Cpp Vcc f+Ioc. 





National | 
Semiconductor 


MM54HCT32/MM74HCT32 
Quad 2-Input OR Gate 


General Description 


The MM54HCT32/MM74HCT32 are logic functions fabri- 
cated by using advanced silicon-gate CMOS technology, 
which provides the inherent benefits of CMOS—tow quies- 
cent power and wide power supply range. These devices 
are input and output characteristic and pin-out compatible 
with standard DM54LS/74LS logic families. All inputs are 
protected from static discharge damage by internal diodes 
to Voc and ground. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 


Connection and Logic Diagrams 


devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

g@ TTL, LS pin-out and threshold compatible 
m Fast switching: tp_y, tpy_ = 10 ns (typ) 
m Low power: 10 pW at DC 

@ High fan-out, 10 LS-TTL loads 


Dual-In-Line Package 


TL/F/9396-1 


Order Number MM54HCT32* or MM74HCT32* 


*Please look into Section 8, Appendix D for availability of various package types. 


TL/F/9396-2 
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MM54HCT32/MM74HCT32 





Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, Lead Temperature (T,) 
contact the National Semiconductor Sales Office/ (Soldering 10 seconds) 
Distributors for availability and specifications. 


Supply Voltage (Vcc) ~0.5 to +7.0V Operating Conditions 
DC Input Voltage (Vin) —1.5 to Voc +1.5V | 
DC Output Voltage (Voy) —0.5 to Voc +0.5V 
Clamp Diode Current (Ij, | +20 mA 
DC ete Current ies nee +25 mA (Vins Vout) 

5 Operating Temperature Range (Ta) 
DC Vcc or GND Current, per pin (icc) +50 mA MM74HCT 
Storage Temperature Range (Tstq) —65°C to + 150°C MM54HCT 


Power Dissipation (Pp) Input Rise or Fall Times 
(Note 3) 600 mW (t,, tp 
S.O. Package only 500 mw 


Supply Voltage (Vcc) 
DC Input or Output Voltage 


DC Electrical Characteristics Voc=5V +10% (unless otherwise specified) 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin = Vin or Vit 

Output Voltage llout|=20 pA 
llout| =4.0 mA, Veco =4.5V 
lloutl = 4.8 mA, Voco=5.5V 


Maximum Low Level] Vin=ViH 


llour|=20 pA 
llout| = 4.0 mA, Vec= 4.5V 
lloutl=4.8 mA, Voo=5.5V 


| 
Maximum Input Vin= Vcc or GND, Viq or Vit 
Current 


Maximum Quiescent] Vin= Vcc or GND 
Supply Current louT=0 pA 


Vin=2.4V or 0.5V (Note 4) 


AC Electrical Characteristics Voc=5.0v, t,=t;=6 ns, C, = 15 pF, Ta= 25°C (unless otherwise noted) 


Symbol__| __—Parameter__—| Conditions| Typ _| Guaranteed Limit__| Units 
trunten. | Maximum PropagationDelay | | 10 | ts 


AC Electrical Characteristics voc=5.0v+10%, t,=t;=6 ns, C_=50 pF (unless otherwise noted) 


74HCT 54HCT 
Parameter A= —40°C to + 85°C | Ta= —55°C to + 125°C | Units 
Guaranteed Limits 


tpn, teu 

tTHL, tTLH 
| 
[InputCapacitance | 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per input with all other inputs held at Vo¢ or ground. 

Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+Icc Vcc, and the no load dynamic current consumption, Is =Cpp Vcc f+Icc- 





4-18 


National » 
Semiconductor 


MM54HCT34/MM74HCT34 Non-Inverter 


General Description 


The MM54HCT34/74HCT34 are logic functions fabricated 
by using advanced silicon-gate CMOS technology which 
provides the inherent benefits of CMOS - low quiescent 
power and wide power supply range. These devices are in- 
put and output characteristic as well as pin-out compatible 
with standard DM54LS/74LS logic families. The 
MM54HCT34/MM74HCT34 feature low power dissipation 
and fast switching times. All inputs are protected from static 
discharge by internal diodes to Vcc and ground. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Connection Diagram 


Features 

a TIL, LS pin-out and threshold compatible 

m@ Fast switching: tply, tpy_= 10 ns (typ) 

m Low power: 10 pW at DC, 3.7 mW at 5 MHz 
® High fanout: 10 LS loads 


Dual-In-Line Package 


TL/F/5359-1 


Top View 


Order Number MM54HCT34* or MM74HCT34* 
*Please look into Section 8, Appendix D for availability of various package types. 
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MM54HCT34/MM74HCT34 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
D I —1. : 

C Input Voltage (Vin) 1.5 to Voco + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HCT 
Clamp Diode Current (Ik, lox) +20 mA MM54HCT 
DC Output Current, per pin (IouT) +25 mA 


DC Input or Output Voltage 0 
(Vin. Vout) 


Input Rise or Fall Times 


DC Vcc or GND Current, per pin (loc) +50mA (tr, te) 
Storage Temperature Range (Tst«g) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mw 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics voco=5v +10% (unless otherwise specified) 


T.=25°C 74HCT 54HCT 
Parameter Conditions Ta= — 40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed Limits , 
Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level 
Output Voltage 
lloutl=4.0 mA, Voc =4.5V | 4.2 


lloyt| =4.8 mA, Voc=5.5V | 5.2 


Maximum Low Level | Vin=Vin 

Voltage llout| =20 pA 
lloutl = 4.0 mA, Voc =4.5V 
llout| = 4.8 mA, Voc= 5.5V 


Maximum Input Vin= Vcc or GND, +0.1 £1.0 
Current Vin or Vit 

Maximum Quiescent | Vin=Vcc or GND, 

Supply Current louT=0 pA 


Vin=24vorosvinotea | | os |  o4 | os 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘'J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per input with all other inputs held at Voc or ground. 
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AC Electrical Characteristics voc=5.ov, t=t;=6 ns, C, =15 pF, Ta= 25°C (unless otherwise noted) 


Guaranteed 
tpLH, tpHL Maximum Propagation 10 
Delay 


AC Electrical Characteristics voc =5.0v+10%, t-=t;=6 ns, C_=50 pF (unless otherwise noted) 


See 74HCT 54HCT 
Parameter Conditions Ta= Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


[Typ | 
tours te | Maximum PropagationDelay | | to | 22 | ze | 
tri trun | MaximumOutput Riso &Faiitime| | 8 | ts | to | ae 

| Power issipationCapacitance | (Notes) | 30 | | | 
[inputCapacitancs | | hp of Tt 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+Icc Voc, and the no load dynamic current consumption, |s=Cpp Voc f +Icc. 
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PELOHPZWA/PELOHPSW 


MM54HCT74/MM74HCT74 


National — | 
Semiconductor 


MM54HCT74/MM74HCT74 


Dual D Flip-Flop with Preset and Clear 


General Description 


The MM54HCT74/MM74HCT74 utilizes advanced silicon- 
gate CMOS technology to achieve operation speeds similar 
to the equivalent LS-TTL part. It possesses the high noise 
immunity and low. power consumption of standard CMOS 
integrated circuits, along with the ability to drive 10 LS-TTL 
loads. ; 
This flip-flop has independent data, preset, clear, and clock 
inputs and Q and Q outputs. The logic level present at the 
data input is transferred to the output during the positive-go- 
ing transition of the clock pulse. Preset and clear are inde- 
pendent of the clock and accomplished by a low level at the 
appropriate input. 

The 54HCT/74HCT logic family is functionally and pin-out 
compatible with the standard 54LS/74LS logic family. All 


Connection and Logic Diagrams 


Dual-In-Line Package 
Veco CLR 02 


01 CLKI PAI Qi i GND 
ever TL/F/5360-1 
Order Number MM54HCT74* or MM74HCT74* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


inputs are protected from damage due to static discharge by 


- internal diode clamps to Vcc and ground. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

@ Typical propagation delay: 20 ns 

w Low quiescent current: 40 »A maximum (74HCT Series) 
@ Low input current: 1 wA maximum 

m Fanout of 10 LS-TTL loads 

™ Meta-stable hardened 


Truth Table 


Note: QO = the level of Q before the indicated input condi- 
tions were established. 

*This configuration is nonstable; that is, it will not persist 
when preset and clear inputs return to their inactive (high) 
level. 


TL/F/5360-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vins Vout) 

DC Input Voltage (Vin) —1.5 to Voct+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vour) —0.5 to Voc + 0.5V MM74HCT 

Clamp Diode Current (jx, lox) +20mA aed ; 

DC Output Current, per pin (lout) +25 mA a ee or Fall Times 

DC Vcc or GND Current, per pin (Icc) +50mA (tr) 

Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T.) (Soldering 10 seconds) 260°C 


PLLOHPZWW/PZLOHPSWAN 


DC Electrical Characteristics Voc=5V £10% (unless otherwise specified) 


ra ae 74HCT 54HCT 
Parameter ae Ta= —40 to 85°C | Ta= —55 to 125°C | units 


| typ | Guaranteed Limits 
Minimum High Level 2.0 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin=ViH or Vit 
Output Voltage lloutl=20 pA 


llout|=4.0 mA, Veo =4.5V 


lloytl = 4.8 mA, Voc =5.5V 


Maximum Low Level | Vin=Vin Or Vit 
Voltage llour| =20 pA 
llout| =4.0 mA, Vec=4.5V | 0. 
llout| = 4.8 mA, Voc =5.5V | 0.2 0.26 


0.4 
0.4 
Maximum Input Vin= Vcc or GND, +0.1 +1.0 +1.0 
Current Vin or Vit 
Maximum Quiescent | Vin=Vcc or GND 
Supply Current louT=90 pA 


viv=2avorosvinoted | | os | 04 | os 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic "J" package: — 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per pin. All other inputs are held at Voc Ground. 
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MM54HCT74/MM74HCT74 


AC Electrical Characteristics voc=5v, T,=25°C, C, =15 pF, tp=t;=6 ns 
Guaranteed 
Limit 

fax Maximum Operating 
Frequency from Clock 
toQorQ 

tpHL tpLH | Maximum Propagation 
Delay Clock to Q or Q 

tpH_, tpLy | Maximum Propagation 
Delay from Preset or 
Clear to Q orQ 

tREM Minimum Removal Time, 
Preset or Clear to Clock 
Minimum Setup Time 
Data to Clock 

ty Minimum Hold Time 

Clock to Data 


| tw Minimum Pulse Width =~ 16 
Clock, Preset or Clear 


AC Electrical Characteristics v.co=5.0v+10%, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


Ta=25°C 74HCT 54HCT 
Symbol Parameter a Ta=—40to 85°C | Ta=—55to 125°C | Units 


| Typ | Guaranteed Limits 


fmax ~ Maximum perenne 27 
Frequency 


tpHL pty | Maximum Propagation 
Delay from Clock to 
QorQ 

tpHL tPLH Maximum Propagation 
Delay from Preset or 
Clear to Q or Q 


tREM Minimum Removal Time 20 
Preset or Clear to Clock 
. Minimum Setup Time 25 
Data to Clock 
Minimum Hold Time 
Clock to Data 
Minimum Pulse Width 16 
Clock, Preset or Clear 
tr, ty Maximum Clock Input 
Rise and Fall Time 
trHL: tTLH Maximum Output 15 
Rise and Fall Time 
Cpp Power Dissipation (per flip-flop) 10 
Capacitance (Note 5) 
Cin Maximum Input 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+ lec Vcc. and the no load dynamic current consumption, ls = Cpp Voc f+ Icc. 
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National — 
Semiconductor 


MM54HCT76/MM74HCT76/ 
MM54HCT112/MM74HCT112 


Dual J-K Flip-Flops with Preset and Clear 


General Description 


These flip-flops utilize advanced silicon-gate CMOS tech- 
nology. They have input threshold and output drive similar to 
LS-TTL with the low standby power of CMOS. 


These flip-flops have independent J, K, preset, clear and 
clock inputs and Q and Q outputs. The flip-flops are edge- 
triggered and change state on the negative-going transition 
of the clock pulse. Preset and clear are independent of the 
clock and accomplished by a jow logic level on the corre- 
sponding input. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. 


Connection Diagram 


‘HCT76 
Dual-In-Line Package 


CLK 1 PR1 CLR1 J! Voc CLK2 PR2 CLR2 


TL/F/5762—1 


MM54HCT/MM74HCT devices are intended to interface 
TTL and NMOS components to CMOS components. When 
there is a LS-TTL equivalent, these parts can be used as 
plug-in replacements to reduce system power consumption 
in existing designs. 


Features 

m Typical propagation delay: 20 ns 

m Low quiescent current: 80 »A maximum (74HCT series) 
@ Fanout of 10 LS-TTL loads 


"HCT112 
Dual-In-Line Package 
Vcc CLR1 CLR2 CLK2 K2 


CLK1 = Kt J1 PR 1 


TL/F/5762-3 


Order Number MM54HCT76/T112* or MM74HCT76/T112* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Ieee e KK XK 


ae 


xrrirK «Kx 
xDIie-r KK KIA 


Note: Q0 = the level of Q before the indicated input conditions were estab- 
lished. ; 
*This configuration is nonstable; that is, it will not persist when preset and 
clear inputs return to their inactive (high) level. 
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CLELOHPZWIN/ZLLLOHPSNIN/9ZLOHPZWIN/SZLOHPSIIN 


Absolute Maximum Ratings (notes 1 and 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Operating Conditions 

Min 
Supply Voltage (Vcc) 45 
DC Input or Output Voltage 


MM54HCT76/MM74HCT76/MM54HCT112/MM74HCT112 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Voltage (Vin) — 1.5V to Vocgt 1.5V 
DC Output Voltage (Voyr) —0.5V to Voc + 0.5V 
Clamp Diode Current (lik, lox) +20mA 
DC Output Current, per Pin (Igy) +25 mA 
DC Vcc or GND Current, per Pin (Ic) +50 mA 
Storage Temperature Range (Tstg) = —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.0. Package only 


| Lead Temperature (T,) 
(Soldering, 10 seconds) 


(Vin. VouT) 0 
Operating Temp. Range (Ta) 
MM74HCT 
MMS54HCT 
Input Rise or Fall Times 


(ty , ty) 


—40 
—55 


600 mW 
500 mW 


260°C 
Level Input 
Voltage pt 
lout] =4.8 mA, Voc =5.5V 
Maximum Input | Vin= Voc or GND, £0.41 +1.0 +1.0 
Current Vin or Vit 


DC Electrical Characteristics Voc=5V + 10% unless otherwise specified 
Voltage 
Minimum High | Vin=Viy or Vit 
Maximum Low | Vin=VixH or Vit 
lout 0 pA 


Parameter 
Guaranteed Limits 

ilies ane Mil coe 
Maximum Low 
Level Input 
Level Output lout] = 20 pA 
Voltage lout| = 4.0 mA, Voc =4.5V 
Level Voltage lout} = 20 uA 

lout| = = 4,0 mA, Voc= 4.5V 
Quiescent 
Supply Current | Viy=2.4V or 0.8V (Note 4) apenas a gee pea 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified ail voltages are referenced to ground. 
Note 3: Power dissipation temperature derating—plastic “N” package: — 12 mW/°C. from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4; Measured per pin, all other inputs held at Voc or GND. 


AC Electrical Characteristics voc=5v, T,=25°C, CL=15 pF, t= t=6 ns 


Guaranteed 


Maximum Operating Frequency SS tet 
Maximum Propagation Delay from Clock to Q or Q 7 a Se ee 


Maximum Propagation Delay from Preset or Clear Ce ee 


teHL teLH 


pecs 


| Minimum Removal Time, PresetorCleartoClock | | | 0 

| MinimumSetUpTimedorkClock | | tT 
| Minimum Hold Time ClocktoyorK | | 8 | 
|_Minimum Pulse Width Clock, PresetorClear |_| 8 Tt 
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AC Electrical Characteristics Vcc =5V 410%, C, =50 pF, t,=t;=6 ns unless otherwise specified 


Stine 74HCT S4HCT 
Symbol Parameter Conditions p Ta=—40°C to 85°C | Ta=—55°Cto 125°C | Units 
- Guaranteed Limits 


fax. Maximum Operating 27 
Frequency 
5 


tpH_, tpLy | Maximum Propagation 
Delay from Clock to Q 
orQ 

tpH_, tptH | Maximum Propagation 
Delay from Preset or 
Clear toQ or Q 


tREM Minimum Removal 
Time Preset or Clear to 
Clock 


Minimum Setup Time 
J or K to Clock , 
Minimum Hold Time 
Clock to J or K 
tw Minimum Pulse Width 16 . 24 
Clock, Preset or Clear 
tr, te . Maximum Clock Input 
Rise and Fall Time 
ttHL ttLH | Maximum Output Rise 15 19 22 
and Fall Time ; 


Cpp Power Dissipation (Per Flip-Flop) 
Capacitance (Note 5) 

Cin Maximum Input pF 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+ loc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+Icc. 


Logic Diagram 


TL/F/5762-2 
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LLLOHPZINW/2LLLOHPSINW/SZLOHPZINW/SZLOHPSININ 


MM54HCT109/MM74HCT 109 


National 
Semiconductor 


MM54HCT109/MM74HCT 109 


Dual J-K Flip-Flops with Preset and Clear 


General Description 


These high speed J-K FLIP-FLOPS utilize advanced silicon- 
gate CMOS technology. They possess the low power con- 
sumption and high noise immunity of standard CMOS inte- 
grated circuits, along with the ability to drive 10 LS-TTL 
loads. 
Each flip flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and Q and Q outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

The 54HCT/74HCT logic family is functionally a as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Connection and Logic Diagrams 


Dual-In-Line Package 
Voc CLR2 J2  K2 CLK2 PR2 Q2 


TL/F/5361-1 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

| Typical propagation delay: 20 ns 

m Low input current: 1 »A maximum 

@ Low quiescent current: 40 wA maximum (74HCT Series) 
m@ Output drive capability: 10 LS-TTL loads 


Function Table 


| __tnputp_ fut 
CLA CLK Kia | 


qa 


<mreitecK «x 
<x<romrereeK «Kx 


L 
H 
L 
a 
H 
H 
H 
H 


Order Number MM54HCT109* or MM74HCT109* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5361-2 





4-28 | 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vins Vout) 

DC Input Voltage (Vin) —1.5 to Veco + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HCT —40 
Clamp Diode Current (lik, !ox) +20mA haoeaaieD =o? 
DC Output Current, per pin (lout) £25mA ae ' as or Fall Times 

DC Vcc or GND Current, per pin (Ico) +50 mA (rs 

Storage Temperature Range (TsTa) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics Vec=5V +10% (unless otherwise specified) 


on 74HCT S4HCT 
Symbol Parameter Conditions m Ta= —40 to 85°C | Ta= —55 to 125°C 


Typ Guaranteed Limits 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin = Vix or Vit 


Output Voltage lloyt|=20 pA 


Maximum Low Level | Vin= Vip or Vi 

Voltage Hout|=20 pA 0.1 0.1 
lloutl=4.0 mA, Voc =4.5V 0.26 0.4 
llout| = 4.8 MA, Voc = 5.5V 0.26 0.4 

Maximum Input Vin= Voc or GND, +0.1 +1.0 +1.0 

Current Vin or Vit 

Maximum Quiescent | Vin=Vcc or GND 4.0 

Supply Current lout =0 pA 


Vin=2.4vorasvinotes | | 03 | o4 | os 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin, all other inputs held at Voc or GND. 
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601 LOH? ZINW/601 LOHPSINW 


MM54HCT109/MM74HCT 109 


AC Electrical Characteristics vcc=5v, T,=25°C, C. =15 pF, t=t=6 ns 


Guaranteed 
| symiot | __ Parameter | Conatons| Ty Limit nite 
fuax Maximum Operating MHz 
Frequency 
tpHL, tpLy | Maximum Propagation 
Delay from Clock to Q or Q 
tpHL, tpLy | Maximum Propagation , 
Delay from Preset or Clear to Q or Q 
Minimum Removal Time, 
Preset or Clear to Clock 
ts Minimum Setup Time 10 
Jor K Clock 
Minimum Hold Time 
Clock to J or K 
tw Minimum Pulse Width 16 
Clock, Preset or Clear 


AC Electrical Characteristics voc=5.ov + 10%, C,=50 pF, t,=t;=6 ns (unless otherwise specified) 



























=] 
a 


T.=25°C 74HCT 54HCT 
Symbol Parameter Conditions as Ta= —40° to 85°C | Ta=—55°to 125°C | Units 
tpHL, tpLH =| Maximum Propagation 
Delay from Clock to 
QorQ 
tPHL tPLH 44 
or Clear toQ orQ 
tREM Minimum Removal Time 20 ns 
Preset or Clear to Clock 
ts Minimum Setup Time 20 ns 
J or K to Clock 
tr, ty Maximum Input Rise and ns 
Fall Time 
trHL tTLH Maximum Output 22 ns 
Rise and Fall Time 
Cpp Power Dissipation (per flip-flop) pF 
Capacitance (Note 5) 
pF 


| Typ | Guaranteed Limits 

fMax Maximum Operating 27 
Frequency 
Maximum Propagation 
Delay from Preset 

tH Minimum Hold Time ns 
Clock to J or K 

tw Minimum Pulse Width 24 ns 
Clock, Preset or Clear 

Cin Maximum Input 10 
Capacitance 

Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Vcc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 
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National | 
Semiconductor 


MM54HCT138/MM74HCT138 
3-to-8 Line Decoder 


General Description 


This decoder utilizes advanced silicon-gate CMOS technol- 
ogy, and are well suited to memory address decoding or 
data routing applications. Both circuits feature high noise 
immunity and low power consumption usually associated 
with CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL logic. 


The MM54HCT138/MM74HCT138 have 3 binary select in- 
puts (A, B, and C). If the device is enabled these inputs 
determine which one of the eight normally high outputs will 
go low. Two active low and one active high enables (G1, 
G2A and G2B) are provided to ease the cascading de- 
coders. | 


The decoders’ output can drive 10 low power Schottky TTL 
equivalent loads and are functionally and pin equivalent to 


Connection Diagram 


Dual-in-Line Package 
DATA OUTPUTS 


ENABLE 
TOP VIEW 
TL/F/5362-1 
Order Number MM54HCT138* sat 
or MM74HCT138* 


*Please look into Section 8, Appendix OD 
for availability of various package types. 


Truth Table 


TPIrrTTIICTeKrTIrTTt 


the 54LS138/74LS138. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc and ground. 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

@ TTL input compatible 

m@ Typical propagation delay: 20 ns 

mm Low quiescent current: 80 nA maximum (74HCT Series) 
@ Low input current: 1 pA maximum 

@ Fanout of 10 LS-TTL loads 


Logic Diagram 


TL/F/5362-2 


x= 


IrrrrereiritTt 
TIrtIrrriT 
IirtrrtrrrriitTt 
ItrrrrizriTe 
IeretrrTrTriréist 
rFrrrrrriirse 


igh level L = low level X = don’t care 
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8€LLOHPZINN/8EtLOHPSIIN 


MM54HCT138/MM74HCT138 





Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


if Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V ; (Vin. Vout) 

DC Input Voltage (Vin) —1.5 to Voc + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Voy) —0.5 to Voc + 0.5V MM74HCT —40 
Clamp Diode Current (lik, lox) +20mA Laladelacl ae x 
DC Output Current, per pin (lout) £25mA a ig or Fall Times 

DC Vcc or GND Current, per pin (I¢c) +50 mA tot) 

Storage Temperature Range (TstTg) 65°C to +150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.0. Package only 500 mW 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics voc=5v +10% (unless otherwise specified) 


| wae 74HCT 54HCT 
Parameter Conditions ‘ Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Typ Guaranteed Limits 
Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 
Minimum High Level | Vin= Vin Or Vit 


Output Voltage llout|=20 pA 
llout| =4.0 mA, Voc = 4.5V 


lout] = 4.8 mA, Voc =5.5V 


Maximum Low Level } Vin= Vix Or Vit 

Voltage - | flour] =20 pA 
llout| =4.0 mA, Voc =4.5V 
llout| =4.8 mA, Voc=5.5V } 0.2 


Maximum Input Vin=Vcec or GND, 
Current Vin or Vit 
Maximum Quiescent | Vin=Vcoc or GND 
Supply Current louT=0 pA 


Vin=2.4V or 0.5V (Note 4) 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per input pin. All other inputs are held at Vcc or ground. 


° apn < 
: < 

Q 

o Pod 
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AC Electrical Characteristics Ta= 25°C, Voc=5.0V, t;=th=6 ns, C= 15 pF (unless otherwise specified) 


|_Maximum Propagation Delay, A,B,orCtoOutput | =| 20 | 
| Maximum PropagationDelay,GitoYOuput | |_| 

| Maximum Propagation Delay, G1toY Output | || 

| Maximum Propagation Delay, G2AorG2BtoY Output | | 17 | 80 

| Maximum Propagation Delay, G2AorG2BtoY Output | sss | t3 | ts 


8€1 LOHPZINW/8Et LOHPSININ 


AC Electrical Characteristics voc=5v +10%, Cc, =50 pF, t,=t;=6 ns (unless otherwise specified) 


oe - T4HCT 54HCT 
Parameter A Ta=—40to85°C | T=—55 to 125°C 


Maximum Propagation Delay 24 40 

A, B, or C to Output 

Maximum Propagation Delay 45 
A, B, or C to Output 

Maximum Propagation Delay 17 38 45 
G1 to Y Output 


Maximum Propagation Delay 20 45 
G1 to Y Output 

Maximum Propagation Delay 35 43 

G2A or G2B to Y Output 


Maximum Propagation Delay 45 
G2A or G2B to Y Output 

trHt: tTLH Maximum Output 
Rise and Fall Time 


Input Capacitance 10 10 


Power Dissipation 
Capacitance (Note 5) 


Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp Voc2 f+!cc Voc, and the no load dynamic current consumption, ls = Cpp Voc f+ Icc. 








MM54HCT139/MM74HCT 139 


National © 
Semiconductor 


MM54HCT 139/MM74HCT139 | 


Dual 2-To-4 Line Decoder 


General Description 


The MM54HCT139/MM74HCT139 is a high speed silicon- 
gate CMOS decoder that is well suited to memory address 
decoding or data routing applications. It possesses an input 
threshold and output drive similar to LS-TTL and the low 
standby power of CMOS logic. 

The device is comprised of two independent one-of-four de- 
coders each with a single active low enable input (G1 or 
G2). Data on the select inputs (A1, B1 or A2, B2) cause one 
of the four normally high outputs to go low. 

All inputs to the decoder are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. The 


Connection Diagram 


Dual-In-Line Package 
DATA OUTPUTS 


2¥1 2v2 2¥3 


6 
2 1¥3 GND 


4 5 
ENABLE A Bt 1¥0 1¥1 1 


SELECT DATA OUTPUTS 
TL/F/5363-1 
Top View 
Order Number MM54HCT139* or MM74HCT139* 
*Please look into Section 8, Appendix D 
for availability of various package types. 


Logic Diagram 


device is capable of driving 10 low power Schottky TTL 
equivalent loads. 


The MM54HCT139/MM74HCT139 is functionally and pin 
equivalent to the 54LS139/74LS139 and can be used as a 
plug-in replacement to reduce system power consumption 
in existing systems. — oe 


Features 

@ Typical propagation delays: 20 ns 

a Low quiescent current: 40 4A maximum (74HCT Series) 
m Fanout of 10 LS-TTL loads 


Truth Table 


"HCT139 


Y3 


H=high level, L=low tevel, X=don't care 


MM54HCT139/MM74HCT 139 


ENABLE G 


8 
SELECT 
A 


OUTPUTS 


TL/F/5363-2 


(1 of 2 Gates) 
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Absolute Maximum Ratings (notes 1 a 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vins Vout) 

DC Input Voltage (Vin) —-1.5 to Voo + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Veg + 0.5V MM74HCT —40 
Clamp Diode Current (Iii, 1ox) 20 mA MMos ee 
DC Output Current, per Pin (Ioyt) 25mA Input ee Time 

DC Vgc or GND Current, per Pin (I¢c) 50 mA tte t) 

Storage Temperature Range (Tstc) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mw 


Lead Temp. (T1) 
(Soldering 10 seconds) 300°C 


DC Electrical Characteristics (note 4) 


Guaranteed Limits 
Parameter Conditions Voc | rome | tore 74HCT S4HCT 

teneae eae T= —40 to 85°C | T= — 55 to 125°C 

Minimum High Level 

Input Voltage 

Maximum Low Level 

Input Voltage 

Minimum High Level | Vin = Vix or Vit 


Output Voltage 
lloutl =4.0 mA, Voc =4.5V 


llout| =4.8 mA, Veco =5.5V 


Maximum Low Level | Vin = Vip or Vit 

Output Voltage 
llour| = 4.0 mA, Voc =4.5V 
lloutl = 4.8 MA, Voc =5.5V 


Maximum Input Vin= Vcc or GND +0.1 +1.0 +1.0 
Current Vin= Vin Or VIL 
Maximum Quiescent | Vin = Vcc or GND 
Supply Current lout =0 pA (Note 4) 4 
ViIN= 2.4V or 0.5V 0.4 
lout =0 pA (Note 4) ; 


: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
: Unless otherwise specified all voltages are referenced to ground. 


: Power Dissipation temperature derating: plastic “N” package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


: Measured per input, other inputs at Voc or GND. 
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6€1 LOHPZWIN/6E} LOHPSWW 


MM54HCT139/MM74HCT139 


AC Electrical Characteristics (Vcc, temperature and loading of LS-TTL) 
Voc= 5V, Ta= 25°C, C_=15 pF, t-=ts=6 ns 


[sme [rao [cote |e | me [ vm 


te_H, tpy_ | Maximum Propagation 
Delay, Binary Select 
to any Output 


tpLH, tpH_ | Maximum Propagation 
Delay, Enable to any 
Output 


AC Electrical Characteristics 
(Full range of Vcc and temperature) Voc =5V +10%, C_ =50 pF (unless otherwise specified) 


Guaranteed Limits 
Parameter Conditions | +. _ or = 25°C 74HCT S4HCT 
EAT ESS Ta=—40 to 85°C | Ta=—55 to 125°C 
tpLH, tpy_ | Maximum Propagation Delay, 

Binary Select to any Output 


tpLH, tpH_ | Maximum Propagation Delay, 
Enable to any Output 
tri, trHL | Maximum Output Rise . 
and Fall Time 
Power Dissipation 
ee 





Minimum Input | Minimum input Capacitance _| 


Note 5: Cpp determines the no load dynamic power oe Pp=(Cpp Vcc f+lcoc Teunwe and the no load ee current consumption, 
Is=Cpp Voc f+Icc. 
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National © 
Semiconductor 


MM54HCT 147/MM74HCT 147 
10-to-4 Line Priority Encoder 


General Description 


This priority encoder utilizes advanced silicon-gate CMOS 
technology. It has the high noise immunity and low power 
consumption typical of CMOS circuits, as well as the speeds 
and output drive similar to LS-TTL. 


This priority encoder accepts 9 input request lines 1-9 and 
outputs 4 line BCD. The priority encoding ensures that only 
the highest order data line is encoded. The implied decimal 
zero condition requires no input condition as zero is encod- 
ed when all nine data lines are at a high logic level. All data 
inputs and outputs are active at low logic level. 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Connection and Logic Diagrams 


Dual-iIn-Line Package 


INPUTS 
OUTPUT en OUTPUT 
1 9 A 


INPUTS OUTPUTS 


TL/F/9397~1 


Order Number MM54HCT147* or MM74HCT147* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


a 


~ KKK KKK KK Ll] 
mr uK KKK KKK TIN 
mrt uhKe KKK KK To 
rzrrrereKeuK KKK Lila 
GTrrrTrarTrzacmtirxK xK ITI~n 
GTrrTrrTiTiwéTrrex*K Lljie 
DGTIrrTrirzrTirTrir_Taysse 
Ltr rr toe ee st 

Trorrrreetirziqg 
Doe re em re a 
rrirerrteriue2iridi'|> 


H = High Logic Level, L = Low Logic Level, X = Irrelevant 


(11) 
1 


PRELIMINARY 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power comsump- 
tion in existing designs. 


Features 
@ Low quiescent power consumption: 
40 pW maximum at 25°C 
m High speed: 13 ns propagation delay (typical) 
@ Very low input current: 10-5 yA typical 


TL/F/9397-2 
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ZpLLOHPZWW/ZPLLOHPSWA 


MM54HCT147/MM74HCT 147 


Absolute Maximum Ratings (notes 1 @ 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 


Operating Conditions 
Min 
Supply Voltage (Vcc) 2 
DC Input or Output Voltage 
(Vins Vout) 0 





DC Input Voltage (Vin) —1.5V to Voc + 1.5V 
DC Output Voltage (Vout) —0.5V to Voc + 0.5V 
Clamp Diode Current (Ix, lox) +20mA 
DC Output Current, per pin (Ioyt) +35 mA 
DC Voc or GND Current, per pin (Icc) +75 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T;) 

(Soldering 10 seconds) 


Operating Temp. Range (Ta) 
MM74HCT -—40 
MM54HCT 


Input Rise or Fall Times 
(tr, tf) 


600 mW 
500 mw 


260°C 
DC Electrical Characteristics Vcc = 5V +10% (unless otherwise specified) 


Ta=25°C 74HCT 
Parameter Conditions A~ Ta= —40°C to + 85°C) Ta= — 55°C to + 125°C| Units 
Guaranteed Limits 


Minimum High ‘is ne 
Input Voltage 


Maximum Low ao re 
Input Voltage 


Minimum High Level | Vin = Vip or Vit 
Output Voltage 


lout} = 20 pA 


Maximum Low Level! Vin = Vip or Vit 

Output Voltage lout] = 20 pA 
lout] = 4.0 mA, Voc = 4.5V 
lout] = 4.8 mA, Voc = 5.5V 


Maximum Input Vin = Voc or GND, 
Current Vin or Vit 
Maximum Quiescent! Vin, = Voc or GND 
Supply Current louT = O pA 
Vin = 2.4V oF 0.5V (Note 4) i ae eee 


AC Electrical Characteristics Voc = 5V 10%, C_ = 50 pF, t, = ty = 6 ns (unless otherwise specified) 


74HCT 54HCT 
ae | Typ | 


—40°C to + 85°C 
Guaranteed Limits 
| Maximum PropagationDelay ss | —s| 22 | | 
| Power Dissipation Capacitance (Notes) | TBD | | | 
ro f | 0 


AC Electrical Characteristics Vcc = 5v, Ty = 25°C, C, = 15 pF, t = ty = 6ns 


Ta=25°C 74HCT 54HCT 
Parameter A —40°C to + 85°C —55°C to + 125°C 
Guaranteed Limits 


Maximum PropagationDelay | 11 | | 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘‘J” package: — 12 mW/°G from 100°C to 125°C. 
Note 4: Measured per input, other inputs held at Voc or GND. 

Note 5: Cpp determines the no load dynamic power consumption, and the no load dynamic current consumption. 


Maximum Input Capacitance | 5 | 
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Schematic Diagram 


Zbl LOHPZWW/ZPLLOHPSIAW 


L-> Dd 


TL/F/9397-3 





MM54HCT148/MM74HCT 148 





National | 
Semiconductor 


MM54HCT148/MM74HCT 148 
8-3 Line Priority Encoder 


General Description 


This priority encoder utilizes advanced silicon-gate CMOS 
technology. It has the high noise immunity and low power 
consumption typical of CMOS circuits, as well as the speeds 
and output drive similar to LS-TTL. 


This priority encoder accepts 8 input request lines 0-7 and 
outputs 3 lines AO-A2. The priority encoding ensures that 
only the highest order data line is encoded. Cascading cir- 
cuitry (enable input El and enable output EO) has been pro- 
vided to allow octal expansion without the need for external 
circuitry. All data inputs and outputs are active at the low 
logic level. 


Connection Diagram 


PRELIMINARY 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 

MM54HCT/MM74HCT devices are ntended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 


_ in existing designs. 


Features 
m@ Typical propagation delays: 
m Wide supply voltage range: 


Dual-in-Line Package 


A2 Al GND 


TL/F/9398-1 


Order Number MM54HCT148* or MM74HCT148* 
*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Pee ee era | m 
° 


xmzrrecK KKK KI KIN 
rrTrmTereKeK KK IK I/O 
TrreTrTrtTereKK KI xK a 
TrrTrawmerex«zhK_xKcrK{In 
TrrTrTrTirTrTxr7T~erexK rTxKio 


1 
X X 
HH 
X X 
xX X 
X X 
X X 
X X 
X X 
X L 
L H 


H = High, L = Low, X = Irrelevant 


IrrTrTirTrwirwisg7eiTgxKin 





ou Sefees ge CO GM ee cael es pee ee? 
2 ler ee Ee ee re 
Gretdritirirtereist 
Pee eee ee oS 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 5.5 Vv 
Distributors for avallability and specifications. DC Input or Output Voltage 0 Voc Vv 


Supply Voltage (Vcc) —0.5V to + 7.0V (Vin; Vout) 
DC Input Voltage (Vin) —1.5V to Voc +1.5V Operation Temperature Range (Ta) 
DC Output Voltage (Vout) —0.5V to Voc +0.5V MM74HCT 40 +85 °C 
Clamp Diode Current (Ix, lox) +20 mA MM54HCT ee: pales ie 
DC Output Current, per Pin (Ioyt) +35 mA Inpubiiee or Ealntines a0 ne 
DC Vcc or GND Current, per Pin (Icc) +70 mA 
Storage Temperature Range (Tsta) — 65°C to + 150°C 
Power Dissipation (Pp) . 

(Note 3) 600 mW 

S.O. Package Only 500 mW 
Lead Temperature (T,) 

(Soldering, 10 sec.) 260°C 


DC Electrical Characteristics voc = 5v +10% (unless otherwise specified) 


T, = 25°C 74HCT 
Parameter Conditions i Ta = —40°C to + 85°C| Ta = —55°C to + 125°C! Units 
: 


Minimum High 
Level Input 
Voltage 


Maximum Low 
Level Input 
Voltage 


Minimum High Vin = Vin or Vic 
Level Output llout| = 20 pA 
Voltage 


Maximum Low | Vin = Vin or Vit 
Level Voltage = [|lonut = 20 pA 


Maximum Input {Vin = Vcc or GND, 
Current Vin Or Vit 


Vin = Voc or GND 
Quiescent Supply|louT = 0 pA 


cis Le ees ae 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating—plastic “‘N” package —12 mW/°C from 65°C to 85°C, ceramic “J” package 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per input, other inputs held at Voc or GND. 
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SPL LOHPZWIN/8Pt LOHPSWIAN 





MM54HCT 148/MM74HCT 148 


AC Electrical Characteristics mmssHct148/mM74HcT148 
Voc = 5V 410%, CL = 50 fF, t; = ts = 6ns meee otherwise specified) 


74HCT 54HCT 
Symbol Parameter — 40°C to + 85°C Ta = —55°C to + 125°C 
Guaranteed Limits 
Inputs 0-7 to 
AO, Ai, A2 
Inputs 0-7 to 
Output EO 


Inputs El to 
AO, A1, A2 


Input El to 
Output EO 


Maximum Output Rise 
and Fall Times 


Cpa Power Dissipation TBD 
Capacitance (Note 5) 

Cin Maximum Input 
Capacitance 


Note 5: Cpy determines the no load dynamic power consumption, and the no load dynamic current consumption. 


AC Electrical Characteristics musaHct148/mm74HCT148 


Voc = 5V, C_ = 15 pF, t; = ts = 6 ns (unless otherwise specified) 


Raia eet 
ae oe Guaranteed Limits 


[Treionanun@ [ef 
rwereowpues fn 
a 


Maximum Output Rise 4 ; 
and Fall Times 
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Units 





Logic Diagram 


871 LOHPZWIN/8P7l LOHPSWIN 





MM54HCT148/MM74HCT148 
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TL/F/9398-~3 


National | 
Semiconductor 


MM54HCT 149/MM74HCT 149 


8 Line to 8 Line Priority Encoder 


General Description 


This priority encoder is implemented in advanced silicon- 
gate CMOS technology. It has the high noise immunity and 
low power consumption typical of CMOS circuits, as well as 
the speeds and output drive similar to LS-TTL. 


This priority, encoder accepts 8 input request lines, RI7- 
RIO, and outputs 8 lines, RO7—ROO. Only one request out- 
put can be low at a time. The output that is low is dependent 
on the highest priority request input that is low. The order of 
priority is RI7 highest and RIO lowest. Also provided is an 
enable input, ROE, which, when high, forces all outputs 
high. A request output is also provided, ROP, which goes 
low when any Rl is active. 


All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. 


Connection Diagram 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

Typical propagation delay: 20 ns 

m Low quiescent current: 80 »A maximum (74HCT Series) 

@ Low input current: 1 »A maximum 

@ Fanout of 10 LS-TTL loads 

m Internal switched pull up resistors provided to reduce 
power consumption 


Dual-In-Line Package 


01 RO2 RO3 


R04 #05 R06 
14 


19 18 17 16 15 
Bae ae a ee Ie Be ee ee 


OUTPUT BUFFERS 


INPUT BUFFERS ae 


Sees Riel eee Be ae Ee Be 
1 2 3 4 5 6 7 8 


RIS Ria 


Ris fi wT TL/F/5364-1 


Top View 


Order Number MM54HCT149* or MM74HCT149* 


*Please look into Section 8, Appendix D for availability of various package types. 
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671 LOHPZWIN/6PL LOHPSAIAN 


MM54HCT149/MM74HCT 149 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 
If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin. Vout). 

DC Input Voltage (Vin) —1.5 to Vogt 1.5V - Operating Temp. Range _ A) 

DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HCT 

Clamp Diode Current (Ijx, lox) +20mA MMos! ; 

DC Output Current, per pin (lout) +35mA ini or Fall Times 

DC Vcc or GND Current, per pin (Icc) +70mA ok 

Storage Temperature Range (Tsta) —65°C to + 150°C 

Power Dissipation (Pp) 


(Note 3) 600 mW 
S.0. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics Voc=5V +10% (unless otherwise specified) 


T,=25°C 74HCT 54HCT 
Parameter AX Ta= —40 to 85°C | Ta= —55 to 125°C | Units 


| Typ | Guaranteed Limits 


Minimum High Level 2.0 2.0 2.0 
Input Voltage 

Maximum Low Level 

Input Voltage 


Minimum High Level Vin= Vin OF Vit 

Output Voltage lout! = 20 pA Vec | Vec—0.1 
lout] =4.0 mA, Voc=4.5V | 4.2 
llour| = 4.8 mA, Voo=5.5V | 5.2 


Maximum Low Level Vin= Vin Or Vic 

Voltage llour] =20 pA 
[lout] =4.0 mA, Voc =4.5V 
llout| =4.8 mA, Voc = 5.5V 


Maximum Input Current | Vin=Vcoc or GND, +0.1 +1.0 
Vin or Vit 

Maximum ‘Gulescent Vin= Vcc or GND 

Supply Current louT=0 pA 
Viv=24vorosvinotea) | | 03 | 04 | os | 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic ‘“‘N” package: ~ 12 mW/°C from 65°C to 85°C; ceramic “JU” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per input, other inputs held at Voc or GND. 


Truth Table 
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Pee Peer eas 





4-46 


AC Electrical Characteristics voc=5v, T,=25°C, C.=15 pF, t=t=6 ns 
Parameter 


tpHL. tp | Maximum Propagation Delay Any Input to ROP Sa ES eee ee 
tpLH. tpH_ | Maximum Propagation Delay Any Input to Any Other Output hee Tie: ae 


AC Electrical Characteristics Voc = 5V+10%, C_ =50 pf t-=ts=6 ns (unless otherwise specified) 


Parameter Conditions — 40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | 
tpHL tpiH| Maximum PropagationDelayAnyinputtoRQP| ss | 30. | 47 | 59S] 
ck ll all 
To AY Other oun 
tru truu[Maximum Output RiseandFalltime sss | si] to] ts | to | 


Power Dissipation Capacitance (Note 5) lee ene eer 
Maximum Input Capacitance ee ee ee 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcoc2 f+ loc Voc, and the no load dynamic current consumption, lg =Cpp Voc f+ loc. 


671 LOHPZININ/67L LOHPSWIA 


Simplified Logic Diagram 


o at 0 
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TL/F/5364-2 





4-47 


MM54HCT151/MM74HCT151 





National _ 
Semiconductor 
MM54HCT 151/MM74HCT 151 
8-Channel Digital Multiplexer 


General Description 


This high speed Digital multiplexer utilizes advanced silicon- 
gate CMOS technology. Along with the high noise immunity 
and low power dissipation of standard CMOS integrated cir- 
Cuits, it possesses the ability to drive 10 LS-TTL loads. The 
MM54HCT151/MM74HCT151 selects one of the 8 data 
sources, depending on the address presented on the A, B, 
and C inputs. It features both true (Y) and complement (W) 
outputs. The STROBE input must be at a low logic level to 
enable this multiplexer. A high logic level at the STROBE 
forces the W output high and the Y output low. 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 


Connection and Logic Diagrams 


Dual-In-Line Package 
DATA INPUTS DATA SELECT 


W STROBE GND 


DATA INPUTS OUTPUTS TL/F/9399-1—. 


Top View 


Order Number MM54HCT151* or MM74HCT151* 


*Please look into Section 8. Appendix D 
for availability of various package types. 


01 


A 
02 


03 


devices. These parts are also plug-in replacements for LS- 


TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

m@ Typical propagation delay: 20 ns 

Low quiescent supply current: 40 nA maximum 
(74HCT Series) 

a Low input current: 1 wA maximum 

m Fanout of 10 LS-TTL loads 

a@ TTL input compatible 


Truth Table 


X X 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 


Zmreiéomorwtwrereiuir x 
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H = High Level, L = Low Level, X = Don't Care 
DO, D1...D7 = the level of the respective D input 


TL/F/9399-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


if Military/Aerospace specified devices are required, Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 5.5 Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc Vv 


Supply Voltage (Vcc) —0.5V to +7.0V (Vin, Vout) 
DC Input Voltage (Vin) —1.5V to Voc + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5V to Veo + 0.5V MM74HCT —40 +85 
Clamp Diode Current (lik, lox) +20 mA MMSAHIED «2. oe 
DC Output Current, per Pin (lout) +25 mA sh Rise or Fall Times 500 
DC Voc or GND Current, per Pin (Ioc) +50 mA (tr t) 
Storage Temperature Range (Tsta) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O, Package only 500 mW 
Lead Temperature (T_) 

(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 
se kmete 74HCT 
Parameter Vee A = —40°C to +85°C|Ta = —55°C to + 125°C| Units 
Typ 


Minimum High Level 20 
Input Voltage ; 
Maximum Low Level 

Input Voltage 


Minimum High Level! Vin, = Viy or Vit 
Output Voltage lloutl < 20 pA 
Vin = Vin or Vit 
llout| < 4.0 mA 4.5V] 4.2 | 3.98 
llout| < 4.8 mA 5.5V| 5.2 | 4.98 
Maximum Low Level] Vin. = Vip or Vit 
Output Voltage = oO | 0.1 
= 4, 4.5V] 0.2 | 0.26 
= 4, 5.5V| 0.2 | 0.26 


Maximum Input Vin = Voc or GND 6.0V +0 
Current . 
Maximum Quiescent! Vij, = Voc or GND 

Supply Current louT = 0 pA 


Vin = 2.4V 0r0.5V (Note 4)| 0.25] 0.4 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and VoL) occur for HCT at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V\y and Vi_ occur at Vcc = 5.5V and 4.5V respectively. (The Vj, value at 5.5V is 3.85V.) The worst case leakage current 
(lins Icc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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MM54HCT151/MM74HCT151 


AC Electrical Characteristics vcoc=5v, T,=25°C, C= 15 pF, t-=t}=6 ns 


tpHL, tpLy | Maximum Propagation Delay 
A, BorCtoY 


tpHL, tpLy | Maximum Propagation Delay 
A,BorCtoW 


tpHL, tpLy | Maximum Propagation Delay 
Any D to Y 

tpHL, tpLH | Maximum Propagation Delay 
any D toW 

tpHL, tpLy | Maximum Propagation Delay 17 
Strobe to Y 

tpHL, tpt | Maximum Propagation Delay 17 
Strobe to W 


AC Electrical Characteristics Voc = 5.0v + 10%, C, =50 pF, t;=ty= 6 ns (unless otherwise specified) 


| nn 74HCT 54HCT +? 
Parameter a” = —40°C to +85°C | Ta= —55°C to +125°C | Units 


| Typ | Guaranteed Limits 


tpHL, tpty | Maximum Propagation Delay 46 
A, BorC to Y 

tPHL tpLH | Maximum Propagation Delay 
A, BorC tow 


tpHL, tpLH | Maximum Propagation Delay a 
27 49 
any Dto Y 
tpHt, tpLy | Maximum Propagation Delay 
27 
any D toW 


tpH_. tpLH | Maximum Propagation Delay 
Strobe to Y 
tPHL, tpLH | Maximum Propagation Delay 
Strobe to W 
ttLH, trHL | Maximum Output Rise 15. 
and Fail Time 
Power Dissipation (per package) 410 
Capacitance (Note 5) — 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp= Cpp Vcc? f+Icc Vcc, and the no load dynamic current consumption, Is =Cpp Voc f+ loc. 
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National — 
Semiconductor 


MM54HCT 153/MM74HCT 153 
Dual 4-Input Multiplexer 


General Description 


This 4-to-1 line multiplexer utilizes advanced silicon-gate 
CMOS technology. It has the low power consumption of 
standard CMOS integrated circuits. This device is fully buff- 
ered, allowing it to drive 10 LS-TTL loads. Information on 
the data inputs of each multiplexer is selected by the ad- 
dress on the A and B inputs, and is presented on the Y 
outputs. Each multiplexer possesses a strobe input which 
enables it when taken to a low logic level. When a high logic 
level is applied to a strobe input, the output of its associated 
multiplexer is taken low. 


The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 


Connection Diagram 


are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Features 

m@ Typical propagation delay: 24 ns 

m Low quiescent current: 80 4A maximum (74HCT Series) 
@ Low input current: 1 »A maximum 

@ Fanout of 10 LS-TTL loads 

@ TTL Input Compatible 


Dual-in-Line Package 


STROBE A 


2G = SELECT =. 209 


STROBE 8 
1G = SELECT 


DATA INPUTS 
OUTPUT 
202 2Y 


1C1 1CO QUTPUT GND 
1Y 


DATA INPUTS 


TL/F/8436-1 


Top View 
Order Number MM54HCT153* or MM74HCT153* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 
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Select inputs A and B are common to both sections. 
H=high level, L=low level, X=don’t care. 
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MM54HCT153/ MM74HCT153 


Absolute Maximum Ratings (notes1and2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 


Supply Voltage (Vcc) —0.5V to +7.0V (Vin: Vout) - 0 
DC Input Voltage (Vin) —1.5V to Voc +1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5V to Voc +0.5V MM74HCT —40 
Clamp Diode Current (Ik, lox) +20 mA MMS4HCT —55 
DC Output Current, per Pin (lout) +25mA Input Rise or Fall Times 

DC Vcc or GND Current, per Pin (Ioc) +50mA (tr, t) 

Storage Temperature Range (Tst@) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering, 10 seconds) ; 260°C — 


DC Electrical Characteristics Voc = 5V £10% unless otherwise specified 


T = 25°C 74HCT 54HCT 
Parameter Conditions A Ta = —40°C to 85°C| Ta = —55°C to 125°C| Units 
Guaranteed Limits 
Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin = Vin or Vit 
Output Voltage 


Minimum Low Level | Vin = Viq or Vit 

Voltage llourl = 20 pA 
llout| = 4.0 mA, Voc = 4.5V 
lloutl = 4.8 mA, Voc = 5.5V 


Maximum Input Vin = Voc or GND, 
Current Vin or Vit 


Maximum Quiescent] Vin = Voc or GND 
Supply Current louT = OpA 


Vin=24Vorosv (Noted) | | 06 | 08 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating—plastic ‘‘N” package: ~ 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin, all other inputs held at Vcc or GND. Zo 
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AC Electrical Characteristics voc = 5v, T, = 25°C, t, = = 6ns, C, = 15 pF 


Conditions te 
tpHL: tpLH Maximum Propagation 
Delay, Select A or B to Y 
teHt, tPLH Maximum Propagation 20 
Delay, any Data to Y 
teHt, tPLH Maximum Propagation Delay, Strobe to Y ae a a 


AC Electrical Characteristics C. = 50 pF, t, = ts = 6 ns (unless otherwise specified) 


Ta = 25°C 74HC 54HC 
Parameter Conditions fs Ta=—40°C to 85°C | Ta= —55°C to 125°C | Units 
[Min|Typ|Max| Min | Max {Min | Max _| 
tepHL, tpt} Maximum Propagation 40 
Delay, Select A or B to Y 
tpHL tpt} Maximum Propagation 24 44 53 
Delay, any Data to Y 
tpzH, tpz_ | Maximum Output Enable} Ry = 1 ko 19 33 
Time 
tpHL, tpLy | Maximum Propagation 15 28 
Delay, Strobe to Y 
tru, trHL | Maximum Output 15 
_| Rise and Fall Time 
Maximum Input 10 
Capacitance 


Power Dissipation (Note 5)(per package) 
Capacitance Outputs Enabled 
Outputs Disabled 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f + Ico Voc, and the no load dynamic current consumption, lg =Cpp Voc f + Icc. 


Logic Diagram 


STROBE 


STROBE 


TL/F/8436-2 
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MM54HCT155/MM74HCT 155 


National — 
Semiconductor 


MM54HCT 155/MM74HCT 155 


Dual 2-to-4 Line Decoder/Demultiplexers 


General Description 


The MM54HCT155/MM74HCT155 is a high speed silicon 
gate CMOS decoder/demultiplexer. It features dual 1-to-4 
line demultiplexers with independent strobes and common 
binary address inputs. When both sections are enabled by 
the strobes, the common address inputs select and route 
associated input data to the appropriate output of each sec- 
tion. The individual strobes permit activating or inhibiting 
each of the 4-bit sections as desired. Data applied to input 
C1 is inverted at its outputs and data applied to C2 is “‘non- 
inverted” at its outputs. If the strobes (G1 and G2) are con- 
nected together and the Data Inputs are connected togeth- 
er, the device can be used as a 3-to-8 line decoder or a 1- 
to-8 line demultiplexer. 

All inputs to the decoder are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. The 
device is capable of driving 10 low power Schottky TTL 
equivalent loads. 


Connection Diagram 
Dual-In-Line Package 


SELECT 
STROBE INPUT 
G A 


DATA OUTPUTS 


DATA STROBE SELECT 1Y3 1¥2 1¥1 


ct INPUT 
. B OUTPUTS 


TL/F/5759-1 
Order Number MM54HCT155* or MM74HCT155* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


IC=inputs C1 and C2 connected together 
!G=inputs G1 and G2 connected together 
H=high level 

L=low level 

X=don't care 


The MM54HCT155/MM74HCT155 is functionally and pin 
equivalent to the 54LS155/74LS155 and can be used as a 
plug-in replacement to reduce system power consumption 
in existing systems. 


Features 
g Applications: 
Dual 2-to-4 line decoder 
Dual 1-to-4 line demultiplexer 
3-to-8 line decoder 
1-to-8 line demultiplexer 
m@ Typical propagation delay: 22 ns 
m Low quiescent current: 80 »A maximum (74HCT Series) 


Truth Tables . 
2-TO-4 LINE DECODER OR 1-TO-4 LINE DEMULTIPLEXER 
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Absolute Maximum Ratings (notes1 and2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 45 
Distributors for availability and specifications. DC Input or Output Voltage 


Supply Voltage (Vcc) —0.5V to +7.0V (Vin. Vout) 0 
DC Input Voltage (Vin) —1.5V to Vogt 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5V to Veg + 0.5V MM74HCT —40 
Clamp Diode Current (IIx, lox) +20 mA MMS4HCT : —55 
DC Output Current, per Pin (lout) +25 mA Input Rise/Fall'Time 
DC Vcc or GND Current, per Pin (Icc) 50 mA (tr t) 
Storage Temperature Range (Tsta) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mw 
Lead Temp. (T,) 

(Soldering, 10 seconds) 300°C 


SSLLOHPZWIN/SS?LLOHPSIIN 


DC Electrical Characteristics voc=5v+10% unless otherwise specified 


Guaranteed Limits 
Parameter Conditions -\Vec . 
Ta=25°C/ Ta= 25°C et 2 iba 0 
Ta=— 40°C to 85°C! Ta = — 55°C to 125°C 


Minimum High 
Level Input 
Voltage 


Maximum High 
Level Input 
Voltage 


Minimum High | Vin = Viq oF Vit 

Level Output 

Voltage llout| =4.0 mA, Voc =4.5V 
lloyt| =4.8 mA, Voc =5.5V 


Maximum Low | Vin= Vip or Vit 

Level Output |[loyt|=20 pA 

Voltage llout|=4.0 mA, Voc = 4.5V 
llout| = 4.8 mA, Voc =5.5V 


Maximum Vin= Vcc or GND +0.1 +1.0 +1.0 
Input Current (Vin =Viyq or ViL 
Maximum Vin=Vcc or GND 
Quiescent louT= 0.0 pA (Note 4) 
Supply Current! |= 2.4V or 0.5V 
lout = 9.0 pA (Note 4) 


: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
: Untess otherwise specified, all voltages are referenced to ground. 
: Power dissipation temperature deratings: plastic N package: — 12 mW/°C from 65°C to 85°C; ceramic J package: —12 mW/°C from 100°C to 125°C. 





; Measured per input, other inputs at Voc or GND. 
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MM54HCT155/MM74HCT155 


AC Electrical Characteristics Sa 
Vcc, temperature and loading of LS-TTL; Voc =5V, Ta= 25°C, C_=15 pF, t,=tp=6 ns 


coat | we | tae 


tpLH, tpy_ | Maximum Propagation Delay from Inputs A, B, or C2 to any Output ee ee ee 


tptH, tpH_ | Maximum Propagation Delay from Inputs G1 or G2 to any Output ne ae 


tpLH, tpH_ | Maximum Propagation Delay from Input C1 to any Output | ls | 


AC Electrical Characteristics 
Full range of Vcc and temperature; Voc =5V+10%, aaa 50 pF unless otherwise specified 


Guaranteed Limits 
Parameter 
T=25°c | T=25°C 74HCT 54HCT 
— 40°C to 85°C | T= — 55°C to 125°C 


teLH, tpH_ | Maximum Propagation Delay 
from Inputs A, B, or C2 to 
any Output 


tpi, tpH_ | Maximum Propagation Delay 
from Inputs G1 or G2 to any 


Output 
tp_H, tpH_ | Maximum Propagation Delay 27 40 
from Input C1 to any Output 
try, ttHL | Maximum Output Rise and 15 19 22 
Fall Time 


Power Dissipation 
Earned 


Minimum Input | Minimum Input Capacitance | 
Note 5: Cpp determines the no load dynamic power consumption, Pp =Cpp = f+ ee and ae oe no load dynamic current consumption, Is = ae Voc f+loc. 





Logic Diagram 
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STROBE OUTPUT 


1¥0 


OUTPUT 
v1 


OUTPUT 
12 


OUTPUT 
1¥3 


OUTPUT 
2y0 


OUTPUT 
2v1 


C2 
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MM54HCT157/MM74HCT157 Quad 

2-Input Multiplexer 

MM54HCT 158/MM74HCT 158 

Quad 2-Input Multiplexer (Inverted Output) 


General Description 


These high speed QUAD 2-to-1 line data selector/multiplex- 
ers utilize advanced silicon-gate CMOS technology. They 
possess the high noise immunity and low power consump- 
tion of standard CMOS integrated circuits, as well as the 
ability to drive 10 LS-TTL loads. 


These devices each consist of four 2-input digital multiplex- 
ers with common select and OUTPUT ENABLE inputs. On 
the MM54HCT157/MM74HCT157, when the OUTPUT EN- 
ABLE input is at logical ‘‘0’’ the four outputs assume the 
values as selected from the inputs. When the OUTPUT EN- 
ABLE input is at a logical ‘'1” the outputs assume logical 
“0”. The MM54HCT158/MM74HCT158 operates in the 
same manner, except that its outputs are inverted. Select 
decoding is done internally resulting in a single select input 
only. If enabled, the select input determines whether the A 
or B inputs get routed to their corresponding Y outputs. 


Connection Diagrams 


Dual-In-Line Package 
output 'NPUTS OUTPUT INPUTS OUTPUT 


1A 
ae 


INPUTS OUTPUT INPUTS OUTPUT 
TL/F/5741-1 


Top View 


The 54HCT/74HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

m Typical propagation delay: 14 ns data to any output 

m Power supply range: 5V+ 10% 

m@ Low power supply quiescent current: 80 nA maximum 
(74HCT Series) 

@ Low input current: 1 pA maximum 

m Completely TTL compatible 

@ High output drive current: 60 mA minimum 


Dual-In-Line Package 


INPUTS OUTPUT INPUTS OUTPUT 
OUTPUT 
ENABLE —————. a 


SELECT 1A 
ee pa 


INPUTS OUTPUT INPUTS OUTPUT 
TL/F/5741-2 


Top View 


Order Number MM54HCT157/158* or MM74HCT157/158* 
*Please look into Section 8, Appendix D for availability of various package types. 


Function Table 


a Y 


| inputs | utputy 
Strobe | Select | AB | HCTIS? | HCT158 


H 
L 
L 
L 
L 


H = High Level, L = Low Level, X = Irrelevant 
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MM54HCT 157/MM74HCT157/MM54HCT158/MM74HCT 158 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions © 


If Milltary/Aerospace specified devices are required, Min Max — Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) ~ ‘45 55 ° Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc Vv 
Supply Voltage (Voc) —0.5 to +7.0V _ (Vin, Vout) 
DC Input Voltage (Vin) —1.5 to Veco + 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Voy) —0.5 to Voc + 0.5V MM74HCT —40 +85 °C 
Clamp Diode Current (lik, lox) +20 mA lanes : . te t lee * 
DC Output Current, per pin (lout) +25mA Input Rise or Fall Times : 500 
DC Vcc or GND Current, per pin (Icc) +50 mA . ‘) ‘ & 
Storage Temperature Range (TstT«G) —65°C to + 150°C : 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mw 
Lead Temperature (T,) 

(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics (note 4) 


T,=25°C 74HCT 54HCT 
Parameter Conditions oe a —40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed | GuaranteedLimits = 

Minimum High Level 

Input Voltage 

Maximum Low Level 

Input Voltage 
Minimum High Level | Vin=Viy or Vic 
Output Voltage llou7|<20 pA 4.5V 4.4 
Vin= Vin OF Vit 


llour| <6.0 mA 
llout|<7.2 mA 


Vin= Vin oF Vit 



























Maximum Low Level 








Voltage llout|=20 pA © 0.1 : V 
lloyt| =6.0 mA 0.33 0.4 V 
llourl = 7.2 mA 5.5V 0.26 0.33 0 V 






: 4 
Maximum Input Vin= Vcc or GND 6.0V +0.1 +1.0 —  £1.0 
Current 
Maximum Quiescent | Vin= Voc or GND 
Supply Current loyT=0 nA 
Vive2avorasvinoted | | [12] 14 [ts 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: ~ 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy, and Vo) occur for HCT at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vj and Vj, occur at Vo¢ = 5.5V and 4.5V respectively. (The Vi value at 5.5V is 3.85V.) The worst case leakage current (I\j, 
loc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics voco=5sv, Ta=25°C, C_=15 pF, t-=t;=6 ns 


Guaranteed 
tpHL, tpLH | Maximum Propagation 14 


Delay, Data to Output 


tpH_, tpt | Maximum Propagation 
Delay, Select to Output 


tpHiL, teLH Maximum Propagation 
Delay, Strobe to Output 


AC Electrical Characteristics voc=5v+ 10%, C, =50 pF, t,=t;=6 ns (unless otherwise specified) 


25°C 74HCT 54HCT 
Parameter Conditions Ta= Ta=—40 to 85°C Ta= —55 to 125°C 


| Typ | Guaranteed Limits 
tpHL: tpLH Maximum Propagation 
Delay, Data to Output 
tpHL tpLy Maximum Propagation 
Delay, Select to Output 27 


8S}. LOHPZINW/8S1 LOHPSINW/ZSLLOHP ZI / 2S} LOHPSININ 


teHL: tpLH Maximum Propagation 

Delay, OUTPUT ENABLE 

to Output 25 
tTLH: tTHL Maximum Output Rise 

and Fall Time 


Maximum Input 

Capacitance “10 10 
Power Dissipation 

Capacitance (Note 5) 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, ls =Cpp Voc f+Icc. 
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MM54HCT157/MM74HCT 157/MM54HCT 158/MM74HCT 158 


Logic Diagrams 


OUTPUT ENABLE 6 
SELECT 


OUTPUT ENABLE G 
SELECT 


"HCT157 
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TL/F/5741-3 
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MM54HCT 164/MM74HCT 164 


8-Bit Serial-in/Parallel-out Shift Register 


General Description 


The MM54HCT164/MM74HCT164 utilizes advanced sili- 
con-gate CMOS technology. It has the high noise immunity 
and low consumption of standard CMOS integrated circuits. 
It also offers speeds comparable to low power Schottky de- 
vices. 


This 8-bit shift register has gated serial inputs and CLEAR. 
Each register bit is a D-type master/slave flip flop. Inputs A 
& B permit complete control over the incoming data. A low 
at either or both inputs inhibits entry of new data and resets 
the first flip flop to the low level at the next clock pulse. A 
high level on one input enables the other input which will 
then determine the state of the first flip flop. Data at the 
serial inputs may be changed while the clock is high or low, 
but only information meeting the setup and hold time re- 
quirements will be entered. Data is serially shifted in and out 
of the 8-bit register during the positive going transition of the 
clock pulse. Clear is independent of the clock and accom- 
plished by a low level at the CLEAR input. 


Connection Diagram 


Dual-In-Line Package 
OUTPUTS 


Yoo OH: Qe ‘CLEAR CLOCK 


SERIAL INPUTS OUTRUTS 


Top View 
Order Number MM54HCT164* or MM74HCT164* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5765-1 


Logic Diagram 


SERIAL | AO 7 - 


INPUTS | BO 


The 54HCT/74HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS/74LS logic fami- 
ly. All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 
MMS54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

@ Typical propagation delay: 20 ns 

@ Low quiescent current: 40 pA maximum (74HCT Series) 
@ Low input current: 1 »A maximum 

m Fanout of 10 LS-TTL loads 

@ TTL input compatible 


Truth Table 


| inputs, | Outputs 
[Clear | clock | A_B| Qa Qs... _u | 
L L L 


H = High Level (steady state), L = Low Level (steady state) 
X = Irrelevant (any input, including transitions) 
T = Transition from low to high level. 


Qao, Qgo, QHo = the level of Qa, Qg, or Qu, respectively, before the 
indicated steady state input conditions were established. 


Qan Qan = The level of Qa or Qg before the most recent T transition of 
the clock; indicated a one-bit shift. 


LCL cL ct cl CL ch CL ch Ct 
56.64 do 6G dD 6a 56 6a 


TL/F/5765-2 
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MM54HCT 164/MM74HCT 164 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions | 
If Military/Aerospace specified devices are required, Min Max Units 


contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 5.5 Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc Vv 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin. Vout) 
DC Input Voltage (Vin) 1.5 to Veo t+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vou) —0.5 to Voc + 0.5V | MM74HCT —40 +85 °C 
Clamp Diode Current (Ing, lox) +20 mA TOT. epee R185 e 
DC Output Current, per pin (Iout) +25 mA Input ee or Fall Times 500 
DC Vcc or GND Current, per pin (icc) +50 mA (te th) e 
Storage Temperature Range (Tstg) . —65°C to + 150°C 
Power Dissipation (Po) 

(Note 3) 600 mW 

S.O. Package Only 500 mW 
Lead Temperature (T|) 

(Soldering 10 seconds) 260°C 


DC Electrical Characteristics Voc=5V +10% (unless otherwise specified) 


aes 74HCT 54HCT 
Parameter Conditions ac Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed Limits 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin=Viy or Vit 
Output Voltage llout| =20 pA Voc | Voc—0.1 
llour| = 4.0 mA, Voc=4.5V | 4.2 
lout] =4.8 mA, Voc =5.5V | 5.2 

























<<< 














Maximum Low Level | Vin=Viy or Vit 

Voltage llout| =20 pA V 
llourl = 4.0 mA, Voc = 4.5V Vv 
llout| = 4.8 mA, Veco =5.5V 0. 26 0. 33 V 


Maximum Input Vin= Vcc or GND +0.1 +1.0 +1.0 
Current 
Maximum Quiescent | Vin= Vcc or GND 
Supply Current louT=0 pA 
Viw=2avoroavinotea) | | 10 { 139°) | 15 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 





Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: This is measured per pin. All other inputs are held at Voc¢ ground. 
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AC Electrical Characteristics voc = 5v, Ta = 25°C, C, = 15pF,t, = t} = 6ns 


Guaranteed 
fMax Maximum Operating 50% Duty 
Frequency from Clock toQ | Cycle Clock 
tpHL, tpLH {| Maximum Propagation 17 27 
Delay Clock to Q 
tpHL, tpLy | Maximum Propagation 23 
Delay from Clear to Q 
Minimum Removal Time, 3 
Clear to Clock 
Minimum Set Up Time ty = 20 ns 13 
Data to Clock 
ty Minimum Hold Time ts 2 20 ns 1.5 
Clock to Data 
tw Minimum Pulse Width 
Clock, Preset or Clear 


991 LOHPZAIN/P91LOHPSWIN 


AC Electrical Characteristics voc = 5.0v+10%, C, = 50 pF, t, = ty = 6 ns (unless otherwise specified) 


ematn | set 
Ta= — 55°C to 125°C 
Symbol Parameter Twin] Max | Units 
imax Maximum Operating 50% Duty 
Frequency Cycle Clock 
tpHL. tpt | Maximum Propagation 
Delay from Clock to Q 


tPHL Maximum Propagation 61 
Delay from Clear to Q 

tREM Minimum Removal Time 4 10 14 
Clear to Clock 

ts Minimum Setup Time ty .2 20 ns 7 19 
Data to Clock 

ty Minimum Hold Time ts 2 20 ns 1.5 
Clock to Data 

tw Minimum Pulse Width 18 
Clock, or Clear 

tr, t Maximum Input Rise and ns 
Fall Time 

trHL. ttLH_ | Maximum Output ns 
Rise and Fall Time 

Cpp Power Dissipation (per flip-flop) pF 
Capacitance (Note 5) 

Cin Maximum Input 10 10 pF 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, ls = Cpp Vcc f+ Icc. 
Note 6: Refer to back of the section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HCT 166/MM74HCT 166 


8-Bit Parallel In/Serial Out Shift Registers 


General Description 


The MMS54HCT166/MM74HCT166 high speed 8-BIT 
PARALLEL-IN/SERIAL-OUT SHIFT REGISTER utilizes ad- 
vanced silicon-gate CMOS technology. It has an input 
threshold and output drive similar to LS-TTL low standby 
power of CMOS. 


These Parallel-In/Serial-In, Serial-Out shift registers feature 
gated CLOCK inputs and an overiding CLEAR input. The 
load mode is established by the SHIFT/LOAD input. When 
high, this input enables the SERIAL INPUT and couples the 
eight flip-flops for serial shifting with each clock pulse. When 
low, the PARALLEL INPUTS are enabled and synchronous 
loading occurs on the next clock pulse. During parallel load- 
ing, serial data flow is inhibited. Clocking is accomplished on 
the low-to-high level edge of the CLOCK pulse through a 2- 
input NOR gate, permitting one input to be used as a clock 
enable or CLOCK INHIBIT function. Holding either of the 
clock inputs high inhibits clocking; holding either low en- 
ables the other clock input. This allows the system clock to 
be free running, and the register can be stopped on com- 
mand with the other clock input. The CLOCK INHIBIT 


Connection Diagram 


PARALLEL 
SHIFT/ INPUT OUTPUT 
LOAD H 


PARALLEL INPUTS 


SERIAL | A ’ D 
a 
weve PARALLEL INPUTS 


CLOCK CLOCK GND 
INHIBIT 


TL/F/5751-1 


Top View 


Order Number MM54HCT166* or MM74HCT166* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


input should be changed to the high level only while the 
clock input is high. A direct CLEAR input overrides all other 
inputs, including the CLOCK, and sets all flip-flops to zero. 
All inputs are protected from damage due to electrostatic 
discharge by diodes to Vcc and ground. 

The MM54HCT/MM74HCT logic family is intended to inter- 
face TTL and NMOS components to CMOS components. 
These parts can be used as plug-in relacement for LS-TTL 
devices to reduce system power consumption in existing 
designs. 


Features 

@ TTL input compatible 

m@ Low quiescent current: 80 pA max (74HCT series) 
@ Low input current: 1 2A maximum 

w Fanout of 10 LS-TTL loads 


Truth Table 
ptnputs | Internat 


Shift/ Parallel 
Load 


JAnH| Qa Op, 
LoL 


H = high level (steady-state), L = low level (steady-state) 

X = don’t care (any input, including transitions) — 

T = transition from low-to-high level. 

a...h = the level of steady-state input at inputs A through H, respectively. 
Qao, Qg0, Quo = the level at Qa, Qg, or Qu, respectively, before the indicat- 
ed steady-state input conditions were established. 

Qan Qen = the level of Qa or Qg, respectively, before the most recent T 
transition of the clock. 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 


Supply Voltage (Vcc) —0.5V to +7.0V (Vin. Vout) 0 
DC Input Voltage (Vin) —1.5V to Voc + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5V to Vogt 0.5V MM74HCT —40 
Clamp Diode Current (Ik, lox) +20 mA MMS4HCT —55 
DC Output Current, per Pin (loyt) +25mA Input Rise or Fail Times 

DC Vcc or GND Current, per Pin (Icc) +50 mA (tet) 

Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics voc = 5v +10% (unless otherwise specified) 


Parameter Conditions a2 Ta=—40°C to + 85°C} Ta = —55°C to + 125°C! Units 
Typ | Guaranteed Limits 
Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 
Minimum High Level | Vin =Viy or Vit 
Output Voltage louT|=20 pA Voc} Vcc —0.1 


lout| =4.0 mA, Vcc =4.5V] 4.2 

loutT| =4.8 MA, Voc =5.5V} 5.7 
Maximum Low Level] Vin = Vin Or Vit 

lout} = 20 pA 

lout| = 4.0 mA, Voc =4.5V 

lout! =4.8 mA, Voc =5.5V 


Maximum Input Vin=Vcc or GND, £0. 1 +1.0 +1 10 
Current Vin or Vit 
Maximum Quiescent} Vin= Vcc or GND 
Supply Current loyT=0 pA 
Vin=2.4Voro.sv(Note4)| | 4.2 | 14 | 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power dissipation temperature derating—plastic ‘‘N’” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per input pin. All other inputs are held at Voc or ground. 





AC Electrical Characteristics voc=5v, c, =15 pF, Ta=25°C, t;=ty=6 ns (unless otherwise noted) 


Symbol Units 
fMax ha eS Ae 
teHn. (BUH - eS oh a ce 
tpuutery | Maximum Propagation DelayCleartoQy | | 1 
Shift/Load High to eit 

| __ Minimum Set-Up Time DatabeforeClock | | 1 

|__Minimum RemovalTimeCleartoClock | | 

|__ MaximumHoldTimeDataafterClock |_| 

|__ Minimum Pulse Width ClockorClear_ {| | 





4-65 


991 LOHPZINW/991 LOHPSHIA 


MM54HCT 166/MM74HCT 166 


AC Electrical Characteristics Voc = 5V+ 10%, C, =50 pF, t, = ty=6 ns (unless otherwise noted) 


74HCT S4HCT 
Symbol Parameter Ta=25°C Ta = —40°C to + 85°C Ta= —55°C to + 125°C Units 
Guaranteed Limits 


fax Maximum 
Operating 
Frequency 

teHL tpLH Maximum 
Propagation Delay 
Clock to Quy 


tpHL tpLH Maximum 
Propagation Delay 
Clear to Qy 
Minimum Set-Up Time 
Shift/Load High to Clock 


: 
Minimum Set-Up Time 16 
Data before Clock 
Minimum Removal Time 
Clear to Clock 
Maximum Hold Time 
Data after Clock 
Maximum Output 
Rise and Fall Time 
Minimum 


Pulse Width 
Clear or Clock 


Power Dissipation 
Capacitance 
(Note 5) 


Cin Maximum Input 10 10 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption Pp, and the no load dynamic current consumption, Is. 
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MM54HCT166/MM74HCT 166 


2-tS2S/4/1L 
AGIHNI SM Se qvol —_LNdNI 
¥9079 ¥9079 qv. vata /14IHS TWINS 
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MM54HCT166/MM74HCT 166 


Timing Diagram 
Typical Clear, Load, Inhibit, and Shift Sequences 
CLOCK 
CLOCK INHIBIT 
CLEAR 
SERIAL INPUT 


SHIFT/LOAD 


H L H L H L H 


SERIAL sie as INHIBIT SERIAL SHIFT 
LOAD 


TL/F/5751-3 





National | 
Semiconductor 


MM54HCT 190/MM74HCT190 Synchronous Decade Up/ 
Down Counters with Mode Control. MM54HCT191/ 
MM74HCT191 Synchronous Binary Up/Down Counters 


with Mode Control 


General Description 


These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology. They possess the high noise 
immunity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL. These 
circuits are synchronous, reversible, up/down counters. The 
MM54HCT191/MM74HCT191 are 4-bit binary counters and 
the MM54HCT190/MM74HCT190 are BCD counters. 


Synchronous operation is provided by having all flip-flops 
clocked simultaneously so that the outputs change simulta- 
neously when so instructed by the steering logic. This mode 
of operation eliminates the output counting spikes normally 
associated with asynchronous (ripple clock) counters. 


The outputs of the four master-slave flip-flops are triggered 
on a low-to-high level transition of the clock input, if the 
enable input is low. A high at the enable input inhibits count- 
ing. The direction of the count is determined by the level of 
the down/up input. When low, the counter counts up and 
when high, it counts down. 


These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change independent of the level of the clock in- 
put. This feature allows the counters to be used as divide by 


N dividers by simply modifying the count length with the - 


preset inputs. 


Connection Diagram 


Dual-iIn-Line Package 


DATA RIPPLE 
A CLOCK 


MAX/ 
CLOCK MIN 


OATA Qe Qa ENABLE DOWN/ GND 
B G UP 


TL/F/5744-1 


Two outputs have been made available to perform the cas- 
cading function; ripple clock and maximum/minimum count. 
The latter output produces a high level output pulse with a 
duration approximately equal to one complete cycle of the 
clock when the counter overflows or underflows. The ripple 
clock output produces a low level! output pulse equal in 
width to the low level portion of the clock input when an 
overflow or underflow condition exists. The counters can be 
easily cascaded by feeding the ripple clock output to the 
enable input of the succeeding counter if parallel clocking is 
used, or to the clock input if parallel enabling is used. The 
maximum/minimum count output can be used to accom- 
plish look-ahead for high speed operation. 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices can be used to reduce power consumption in 
existing designs. 


Features 

m Level changes on Enable or Down/Up can be made 
regardless of the level of the clock. 

mm Low quiescent supply current: 80 pA maximum 
(74HCT Series) 

@ Low input current: 1 wA maximum 

@ TTL compatible inputs 


Truth Table 


Enable Down/ 
toad | Enable | Pew’ | clock | Function | 


Count Up 
Count Down 
Load 
No Change 


Iritedt 


Order Number MM54HCT 190/19 1* 
or MM74HCT190/191* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to + 7.0V 
DC Input Voltage (Vin) —1.5V to Vcc + 1.5V 
DC Output Voltage (Voyt) —0.5V to Voc + 0.5V 
Clamp Diode Current (Ii, lox) +20 mA 
DC Output Current, per Pin (IoyT) +25mA 
DC Voc or GND Current, per Pin (Icc) +50 mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


600 mW 
500 mW 


260°C 


Operating Conditions 
Min 
Supply Voltage (Vcc) 4.5 
DC Input or Output Voltage 
(Vin; Vout) 0 
Operating Temp. Range (Ta) 
MM74HCT —40 
MM54HCT —§5 
Input Rise or Fall Times 


(tr, te) 


DC Electrical Characteristics voc = 5v + 10% unless otherwise specified 


MM54HCT 190/MM74HCT 190/MM54HCT191/MM74HCT191 


a alias 74HCT 54HCT 
Parameter a” = — 40°C to 85°C | Ta= — 55°C to 125°C | Units 


| Typ| Guaranteed Limits 
Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage ; 


Minimum High Level | Vin = Vin or Vit 
Output Voltage Voc} Vcc—0.1 
lloutl = 4.0 mA, Voc = 4.5V| 4.2 


lloutl = 4.8 mA, Voc = 5.5V| 5.2 


Maximum Low Level |} Vin = Viy or Vit 
lout] = 20 pA 
lout] = 4.0 mA, Voc = 4.5V 
lout] = 4.8 mA, Voc = 5.5V 


Maximum Input Vin = Voc or GND, 
Current Vin Or Vit 
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psp oae pe 
Maximum Quiescent} Vin = Voc or GND 
Supply Current lout = OpA 

Vn=24vorasvinoted | | 10 | 12 | ts 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power dissipation temperature derating—plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: ~-12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin, all other inputs held at Voc or GND. 





AC Electrical Characteristics 1, = 25°c, Voc = 5.0V, t, = t = 6ns, C, = 15 pF unless otherwise specified 


Guaranteed 
als __teemow | ot | ale output i aueles ect | | Limits ne 


fMAax Maximum Clock | Maximum Clock Frequency _| 


tpLH, tpHL Maximum Propagation — —-—-| Qs 
Delay Time Qc, Qp 

tpLH, tpHL Maximum Propagation Data A, Qa, QB 
Delay Time B,C, D Qo, Qp 

teLH, tpHL Maximum Propagation Clock Ripple Clock 16 
Delay Time 

tpLH, tPHL Maximum Propagation Clock Qa, QB 
Delay Time Qc, Qp 

teLH, tpHe Maximum Propagation Clock Max/Min 
Delay Time 

tpiy, tpHt Maximum Propagation Down/Up Ripple Clock 29 
Delay Time 

tpLH, tpHL Maximum Propagation Down/Up Max/Min 22 
Delay Time 

tpHL tpLy Maximum Propagation Enable Ripple Clock 22 
Delay Time 

tw Minimum Clock or Load 10 
Input Pulse Width 


16}. LOHPZININ/161 LOHPSININ/061} LOHPZWIN/06} LOHPSWN 
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MM54HCT190/MM74HCT190/MM54HCT191/MM74HCT 191 


AC Electrical Characteristics Voc=5V +10%, C, = 50 pF, t, = tp = 6 ns unless otherwise specified 


To Ta=25°C 74HCT 54HCT 
Symbol Parameter Output A Ta= —40°C to 85°C|Ta = — 55°C to 125°C Units 
Guaranteed Limits ; 
fMAx Maximum Clock 
Frequency 
teLH, tpy_|Maximum Propa- Load 
gation Delay Time 
tpLH, tpH_|Maximum Propa- DataA, | Qa, Qg 
gation Delay Time -| B,C,D | Qc, Qp 
tpLH, tpH_|Maximum Propa- Clock Ripple 
gation Delay Time Clock 


tec, tpH_|Maximum Propa- Clock | Qa, Qp 
gation Delay Time Qc, Qp 
tery, tpH_|Maximum Propa- Clock | Max/Min 
gation Delay Time 
tpiH, tpy_|Maximum Propa- Down/Up| Ripple 42 
gation Delay Time Clock 
tpiH; tpH_|Maximum Propa- Down/Up} Max/Min 
gation Delay Time 
tpHL, tpLH|Propagation Delay Enable | Ripple 26 41 
Time Clock 
tw Minimum Clock 
Pulse Width 
Minimum Set-UpTime | Data | Load | sf io{2o| 25 | St 
Minimum Hold Time | toad | data | = |-3fs| =e =~] 


Minimum Set-Up Time __|Down/Up| Glock | aa} ao] aa | ts 

MinimumHold Time | Clock |Down/up| Ss [-7/o| =o | 

Minimum Set-Up Time | Enable | Glock | [1320] a5 | 
ty [Minimum Hold Time | Giock_| Enable | 


ae Es ae eee ee, eee 
A 
Rise and Fall Time 
eee |e] eee 7 ees 


Maximum Input Capacitance Sd 


Cin 
Cpp Power Dissipation 35 
Capacitance (Note 5) 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+Ioc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+ Icc. 
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Timing Diagrams 


*HCT190 Synchronous Decade Counters 
Typical Load, Count, and Inhibit Sequences 


pata | ® 
INPUTS } ¢ 


D 
CLOCK 





DOWN/UP 
ENABLE 
On TH 
Qg--} 
eon 7) 
Qp- =< 


| 
MAX/MIN ~ 1 


| 
RIPPLE CLOCK ay 


I7118 9 012!) 2/211 09 8 7 
| I}—count UP }-—-count pown—~} 


LOAD 





TU/F/5744-5 
Sequence: 
(1) Load (preset) to BCD seven (3) Inhibit 
(2) Count up to eight, nine, zero, one and two (4) Count down to one, zero, nine, eight and seven 


*HCT191 Synchronous Binary Counters 
Typical Load, Count, and Inhibit Sequence 


DATA 
INPUTS | c 


CLOCK 
DOWN/UP 
ENABLE 


Qa-- 
paar 
QB-— 

cod 
Qc -- 
Cr 


Qp - -| 


| 
MAX/MIN — 7 H 


| 
RIPPLE CLOCK — — L 
--4 


113)14 15 0 12 2 12/1 O 15 14 13 
] [J-—Count up—-]-———-]_ |-—COUNT DOWN -~| 
INHIBIT 


| 
LOAD 





TL/F/5744-6 
Sequence: 
(1) Load (preset) to binary thirteen (3) Inhibit 
(2) Count up to fourteen, fifteen, zero, one and two (4) Count down to one, zero, fifteen, fourteen and thirteen 
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MM54HCT190/MM74HCT 190/MM54HCT 191/MM74HCT191 


Logic Diagram 
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> CK 


Pox 


RIPPLE CLOCK 


MAX/ MIN 


OUTPUT 
Qa 


OUTPUT 
Qs 


OUTPUT 
Qc 


OUTPUT 
Qo 


TL/F/5744-3 





Logic Diagram (Continued) 
*HCT190 Decade Counters 


(13) 
RIPPLE CLOCK 


(12) 
MAX /MIN 


(4) > 
ENABLE G O 


(5) 
DOWN/UP 


INPUT A 


pata (1) 


Dita. 
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e hen 
a (2) OUTPUT 
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a =O tt 
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TL/F/5744-7 





16}. LOHPZWIN/16LLOHPSWI/061 LOHPZWIN/06} LOHPSAIN 


MM54HCT192/MM74HCT192 





National | 
Semiconductor 


MM54HCT 192/MM74HCT192 


Synchronous Decade Up/Down Counters 


General Description 


These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology to achieve the high noise im- 
munity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL. The 
MM54HCT192/MM74HCT192 is a decade counter having 
two separate clock inputs, an COUNT UP input and a 
COUNT DOWN input. All outputs of the flip-flops are simul- 
taneously triggered on the low-to-high transition of either 
clock while the other input is held high. The direction of 
counting is determined by which input is clocked. 


This device has TTL compatible inputs. It can drive 15 LS- 
TTL loads. 


This counter may be preset by anieilig the desired data on 
the DATA A, DATA B, DATA C, and DATA D inputs: When 
the LOAD input is taken tow, the data is loaded indepen- 
dently of either clock input. This feature allows the counter 
to be used as a divide-by-n counter by modifying the count 
length with the preset inputs. 

In addition, the HCT192 can also be cleared. This is accom- 
plished by inputting a high on the CLEAR input. All 4 internal 
stages are set to a low level independently of either COUNT 
input. 


Connection Diagram 
Dual-In-Line Package 


DATA DATA 


CLEAR SORROW CARRY LOA 


| see 
| see 


DECODER 


STEERING | sesmctoacmonrnos | ANO FLIP- | sesmctoacmonrnos | 


OUTPUT INPUT QUTPUT 
BUFFERS BUFFERS BUFFERS 


ra COUNT COUNT Qc Qo GNO 
DOWN UP 


TL/F/9400-1 
Order Number MM54HCT192* 
or MM74HCT192* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Both a BORROW and CARRY output are provided to en- 
able cascading of both up and down counting functions. The 
BORROW output produces a negative-going pulse when 
the counter underflows and the CARRY outputs a pulse 
when the counter overflows. The counter can be cascaded 
by connecting the CARRY and BORROW outputs of one 
device to the COUNT UP and COUNT DOWN inputs, re- 
spectively, of the next device. 


All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

m Low quiescent supply current: 80 pA maximum (74HCT 
Series) 

m@ Low input current: 1 »A maximum 

m@ TTL compatible inputs 


a Table. 


Count Up 
Count Down 
Clear 
Load 


H = high level 

L = tow level 

T = transition from low-to-high 
X = don't care 
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Absolute Maximum Ratings (Notes1and2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 


Supply Voltage (Vcc) —0.5V to +7.0V (Vin, Vout) 0 
DC Input Voltage (Vin) —1.5V to Voc + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5V to Voc + 0.5V MM74HCT 40 
Clamp Diode Current (lik, lox) +20 mA MM54HCT ; —55 
DC Output Current, per Pin (lout) +25mA Input Filse or Fali Times 

DC Vcc or GND Current, per Pin(Icc) +50 mA (tr t) 

Storage Temperature Range (Tstc) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics Vcc = 5v+10% unless otherwise specified 


Ta=25°C 74HCT 54HCT 
Parameter. Conditions a Ta= —40°C to + 85°C! Ta = —55°C to + 125°C! Units 


Guaranteed Limits 


Minimum High Level 
Input Voltage 


Maximum Low Level 
Input Voltage 


Minimum High Level | Vin = Viq or Vit 
Output Voltage Voc|Vcc— 0.1 
2 
2 


= 4.0 mA, Voc = 4.5V] 4. 


lloutl = 4.8 mA, Voc = 5.5V] 5. 


Maximum Low Level] Viy = Viq or ViL 

0.1 
0.26 
0.26 


Vin = 2.4V or 0.5V (Note 4) | 4.0 | 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power dissipation temperature derating—plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin, all other inputs held at Vcc or GND. 


llout] = 4.0 mA, Veco = 4.5V 
llout| = 4.8 MA, Voc = 5.5V 


Maximum Input Vin = Voc or GND, 
Current Vin OF Vit 


£1.0 


Maximum Quiescent] Vij, = Voc or GND 


Supply Current lout = OpA 
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MM54HCT192/MM74HCT 192 


AC Electrical Characteristics 
(Note 6) Voc = 5V, Ta = 25°C, C_ = 15 pF, t, = ts = 6 ns (unless otherwise specified) 


To Guaranteed 
Maximum Clock 
Frequency 
tPLH, PHL Maximum Propagation toad: 7 QA, QB, 
‘| Delay Time QC, QD 
tPLH, PHL Maximum Propagation Data A, QA, QB, 25 
Delay Time B,C, D, QC, QD 
tPLH, PHL Maximum Propagation Count-Up QA, QB, 26 
Delay Time or -Down QC, QD 
tPLH, PHL Maximum Propagation : 
Delay Time Count-Up Carry 
tPLH, PHL Maximum Propagation 
Delay Time Count-Down Borrow 
tPLH, PHL Maximum Propagation Glaar QA, QB, 
Delay Time QC, QD 


AC Electrical Characteristics (note 6) Voc = 5V +10%, C, = 50 pF (unless otherwise specified) 


74HC 54HC 
. aa : 
Symbol Parameter oui) tii = = 40°C to + 85°C | T= —55°C to + 125°C! Units 


Guaranteed Limits 


fax Maximum Clock Frequency 13 


teLH, PHL| Maximum Propagation 
Delay Time 

tpLH, PHL] Maximum Propagation 
Delay Time 


tPLH, PHL| Maximum Propagation Count-Up OA, QB 
Delay Time or -Down | QC, QD 
tpLH, PHL| Maximum Propagation 
Delay Time Count-Up| Carry 
teLH, PHL| Maximum Propagation Count- 
Delay Time Down Borrow ii 
tPLH, PHL| Maximum Propagation ‘Clear QA, QB 
Delay Time Qc, QD 
tw Minimum Clock 
Pulse Width 
ts Minimum Setup Time Data 20 
before Load-LH 
ty Minimum Hold Time Data 
after Load-LH 
trem Minimum Removal 9 5 
Time Load to Count 
tREM Minimum Removal 
Time Clear to Count 
tw Minimum Load 18 
Pulse Width 
tw Minimum Clear 
ae Width 
at THL Output Rise or Fall Time —_| Rise or Fall Time 
Power Dissipation 
Capacitance 
Cin Maximum Input Capacitance i ieee Ee 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Voc? f+ | to Voc and ;_0_ no load dynamic current consumption, I; = Cpp 10 f+loc. 
Note 6: Refer to Section 1 for Typical MM54/74HCT AC Switchforms and Test Circuits. 
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’HCT192 Synchronous 4-Bit Up/Down Decade Counter 


BIN Qs CIN Qc CARRY OUT 
O1 O2 O10 0 6 O 12 


wei6eig 91607 


t\ 


TL/F/9400-2 





264 LOHPZWIN/26}. LOHPSINW 


MM54HCT192/MM74HCT192 


Logic Waveforms 


*HCT192 Synchronous Decade Counters 
Typical Clear, Load, and Count Sequences 


Qa 


QB 
OUTPUTS 
Qc 


Qp 
CARRY 


BORROW 


COUNT UP 
go eA ; 
CLEAR PRESET 


Sequences: 

(1) Clear outputs to zero. 

(2) Load (preset) to BCD seven. 

(3) Count up to eight, nine, carry, zero, one and two. 

(4) Count down to one, zero, borrow, nine, eight, and seven. 
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National - 
Semiconductor 


MM54HCT 193/MM74HCT 193 
Synchronous Binary Up/Down Counters 


General Description 


These high speed synchronous counters utilize advanced 
silicon-gate CMOS technology to achieve the high noise im- 
munity and low power consumption of CMOS technology, 
along with the speeds of low power Schottky TTL. The 
MM54HCT193/MM74HCT193 is a binary counter having 
two separate clock inputs, an UP COUNT input and a 
DOWN COUNT input. All outputs of the flip-flops are simul- 
taneously triggered on the low-to-high transition of either 
clock while the other input is held high. The direction of 
counting is determined by which input is clocked. 


This device has TTL compatible inputs. It can drive 15 LS- 
TTL loads. 


This counter may be preset by entering the desired data on 
the DATA A, DATA B, DATA C, and DATA D inputs. When 
the LOAD input is taken low, the data is loaded indepen- 
dently of either clock input. This feature allows the counter 
to be used as a divide-by-n counter by modifying the count 
length with the preset inputs. 

In addition, the HCT193 can also be cleared. This is accom- 
plished by inputting a high on the CLEAR input. All 4 internal 
stages are set to a low level independently of either COUNT 
input. 


Connection Diagram 
Dual-In-Line Package 


DATA DATA 
LY) 


CLEAR BORROW CAARY LOAD 


DECODER 


STEERING eee tose nworurrios | AND FLIP-FLOPS 


OUTPUT INPUT OUTPUT 
BUFFERS BUFFERS BUFFEAS 


Qa COUNT COUNT Qc . GND 
GOWN uP 


TL/F/5742-1 
Order Number MM54HCT193* or MM74HCT193* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Both a BORROW and CARRY output are provided to en- 
able cascading of both up and down counting functions. The 
BORROW output produces a negative-going pulse when 
the counter underflows and the CARRY outputs a pulse 
when the counter overflows. The counter can be cascaded 
by connecting the CARRY and BORROW outputs of one 
device to the COUNT UP and COUNT DOWN inputs, re- 
spectively, of the next device. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

m™ Low quiescent supply current: 80 »A maximum (74HCT 
Series) 

g@ Low input current: 1 wA maximum 

mB TIL compatible inputs 


Truth Table 


Count Up 
Count Down 
Clear 
Load 


H = high level 

L = low level 

T = transition from low-to-high 
X = don’t care 
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MM54HCT193/MM74HCT 193 


Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5V to +7.0V 
DC Input Voltage (Vij) —1.5V to Voc + 1.5V 
DC Output Voltage (VoyT) —0.5V to Voc + 0.5V 
Clamp Diode Current (Ik, lox) +20 mA 
DC Output Current, per Pin (Ioyt) +25 mA 
DC Vcc or GND Current, per Pin(Icoc) +50 mA 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 

S.O. Package only 
Lead Temperature (T,) 

(Soldering, 10 seconds) 


600 mW 
500 mw 


260°C 


Operating Conditions 
_ Min 

Supply Voltage (Vcc) 4.5 
DC Input or Output Voltage 

(Vin, Vout) 0 
Operating Temp. Range (Ta) 

MM74HCT —40 

MM54HCT —55 
Input Rise or Fall Times 


(ty, ts) 


DC Electrical Characteristics Voc = 5V+10% unless otherwise specified 


T.=25°C 74HCT 54HCT 
Parameter a” = —40°C to 85°C |} Ta = — 55°C to 125°C | Units 


Typ | Guaranteed Limits 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin = Viq or Vit 


Output Voltage 


Maximum Low Level | Vin = Vin or Vit 
llourl = 20 pA 
llour| = 4.0 mA, Voc = 4.5V 
llout| = 4.8 mA, Voc = 5.5V 


Maximum Input Vin = Voc or GND, 
‘) Current Vin or Vit 


Maximum Quiescent | Vin = Voc or GND 
Supply Current louT = OpA 


Vin=2avorosvinoted | | 10 | 12 | 13 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power dissipation temperature derating—plastic “‘N” package: ~12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: Measured per pin, all other inputs held at Voc or GND. 
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AC Electrical Characteristics 
(Note 6) Vcc = 5V, Ta = 25°C, C, = 15 pF, tr = ts = Ens — otherwise specified) 


Guaranteed 
Parameter Lee | (Output 
Maximum Clock 
Frequency 


i hee 
tPLH, PHL Maximum Propagation 26 
Delay Time 
2 an 


tPLH, PHL Maximum Propagation 
Delay Time 


tPLH, PHL Maximum Propagation Count. “Up QA, OB, 
Delay Time or -Down QC, QD 

tPLH, PHL Maximum Propagation Count-Up Carry 
Delay Time 

tPLH, PHL Maximum Propagation Count-Dn Borrow 22 
Delay Time 

tPLH, PHL Maximum Propagation Clear QA, QB, 25 
Delay Time Qc, QD 


AC Electrical Characteristics (note 6) 
Voc = 5V, +10%, Cy = 50 pF (unless otherwise specified) 


74HC 54HC 
ve Uz ae i s oa F EB 
Symbol Parameter Cutt T= —40° to 85°C | T= —55? to 125°C | Units 
eer Sarl Sear eee 


{Max Maximum Clock Frequency aa re 
tPLH, PHL | Maximum Propagation Load QA, QB, 
Delay Time QC, QD 
tpLH, PHL | Maximum Propagation DataA | QA, QB, 
Delay Time QC, QD 
tPLH, PHL | Maximum Propagation Count-Up | QA, QB 43 54 
Delay Time or -Down | QC, QD 
tpLH, PHL | Maximum Propagation Count-Up | Carry 38 45 
Delay Time 
tpLH, PHL | Maximum Propagation Count- | Borrow 25 38 45 
Delay Time Down 
tPLH, PHL | Maximum Propagation Clear QA, QB 28 44 
Delay Time Qc, QD 
tw Minimum Clock 25 38 
Pulse Width 
ts Minimum Setup Time Data 20 25 30 
before Load-LH 
tH Minimum Hold Time Data 
after Load-LH 
tREM Minimum Removal Time -2 
Load to Count 
tREM Minimum Removal Time 
Clear to Count 
tw Minimum Load 18 
Pulse Width 
tw Minimum Clear 
Pulse Width 
trLH THt | Output Rise or Fall Time a Bese 
Cpep Power Dissipation 
Capacitance 
Cin Maximum Input Capacitance Eas eee 


Note 5: Cpp determines the no load dynamic power consumption, Pp= Cpp Le ft+loc ee and the no load eae ease current consumption, |, = __ 9 Voc f+ loc. 
Note 6: Refer to Section 1 for Typical MM54/74HCT AC Switchforms and Test Circuits. 
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MM54HCT193/MM74HCT193 Synchronous 4-Bit Up/Down Binary Counter 


BIN Qs CIN Qc 
O1 02 0 10 O06 


\ eo 


MM54HCT 193/MM74HCT193 


CARRY OUT 
O12 


TL/F/5742-2 





Logic Waveforms 


’HCT193 Synchronous Binary Counters 
Typical Clear, Load, and Count Sequences 


€61LOHPZINW/E6LLOHPSINN 


OUTPUTS 


CARRY 


BORROW 


14 0 
J. COUNT UP 
Poe ae 


CLEAR PRESET TL/F/5742-3 
Sequence: 
(1) Clear outputs to zero. 
(2) Load (preset) to binary thirteen 
(3) Count up to fourteen, fifteen, carry, zero, one, and two. 
(4) Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 
Note A: Clear overrides load data, and count inputs. 
Note B: When counting up, count-down input must be high; when counting down, count-up input must be high. 
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National © 
Semiconductor 


MM54HCT240/MM74HCT240 

Inverting Octal TRI-STATE® Buffer | 
MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 Octal TRI-STATE Buffer 


MM54HCT240/MM74HCT240/MM54HCT241/MM74HCT241/MM54HCT244/MM74HCT244 


General Description 


These TRI-STATE buffers utilize advanced silicon-gate . 


CMOS technology and are general purpose high speed in- 
verting and non-inverting buffers. They possess high drive 
current outputs which enable high speed operation even 
when driving large bus capacitances. These circuits achieve 
speeds comparable to low power Schottky devices, while 
retaining the low power consumption of CMOS. All three 
devices are TTL input compatible and have a fanout of 15 
LS-TTL equivalent inputs. 


MMS54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

The MM54HCT240/MM74HCT240 is an inverting buffer 
and the MM54HCT244/MM74HCT244 is a non-inverting 


Connection Diagrams 


Voc 2G 1¥1 2A4 1¥2 2A3 1¥3 2A2 1¥4 2A1 


14 


7 |i 


Raha 
D222 27 


2¥4 1A2 2¥3 1A3° 2¥2 #144 2¥1 GND 
TL/F/5365—1 


Top View 
Order Number MM54HCT240* or MM74HCT240* 


Voc 26 


1G 1A1 2¥4 1A2 2¥3 1A3 2Y2 


1¥1 2A4 1¥2 2A3 


buffer. Each device has two active low enables (1G and 
2G), and each enable independently controls 4 buffers. 
MM54HCT241/MM74HCT241 is also a non-inverting buffer 
similar to the 244 except that the 241 has one active high 
enable, each again controlling 4 buffers. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and Ground. 


Features 

@ TTL input compatible 

m Typical propagation delay: 14 ns 

@ TRI-STATE outputs for connection to system buses 
m Low quiescent current: 80 pA 

@ High output drive current: 6 mA (min) 


Dual-iIn-Line Packages 


Voc 2G 1¥1 2A4 1¥2 2A3  1¥3 242 174 2A1 


1G 1At 2¥4 142 2¥3 1A3 2¥2 1A4 271 GNO 
TL/F/5365-2 
Top View 


Order Number MM54HCT241* or MM74HCT241* 


W3 2A2 1¥4 2A1 


1A4 2¥1 GND 
TL/F/5365-3 


Top View 
Order Number MM54HCT244* or MM74HCT244* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 

DC Input Voltage (Vin) —1.5 to Veo + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HCT —40 
Clamp Diode Current (lik, lox) +20 mA Miieset ea 
DC Output Current, per pin (lout) £35 mA _ y ‘ seccoe Pall Tiines 

DC Vcc or GND Current, per pin (Ic¢c) +70mA (td 

Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T;) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics 
Voc=5V +10% (unless otherwise specified) 


c 74HCT 54HCT 
Symbol Parameter” - Ta=—40 to 85°C | Ta= —55 to 125°C 
Guaranteed Limits 
Minimum High Level 
Input Voltage 


Maximum Low Level 


Input Voltage 


Minimum High Level } Vin-ce=vin OF VIL 

Output Voltage llout|=20 pA Voc | Vec—0.1 
\lout|=6.0 mA, Vec=4.5V | 4.2 
llout| =7.2 mA, Voc=5.5V | 5.2 


Maximum Low Level | Vin=Vip or Vit 

Voltage llout|=20 pA 
lloutl=6.0 mA, Vcc =4.5V 
lloutl=7.2 MA, Veo =5.5V 


Maximum Input Vin=Vcc or GND, 
Current Vin OF Vit 


Maximum TRI-STATE | Voyt= Vcc or GND 
Output Leakage G 
Current 


Maximum Quiescent | Vin=Vcc or GND 
Supply Current louT=0 pA 
Vin=2.4V or 0.5V (Note 4) 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic ‘J package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per input. All other inputs at Vcc or GND. 


Truth Tables 
"HCT240 "HCT241 *HCT244 


PPZLOHPZAIN/PPCLOHPSWIN/LPCLOHPZWIN/ LPO LOHPSWA/OP2LOHPZWA/OPCLOHPSINN 





H=high level, L=low level, Z=high impedance 
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MM54HCT240/MM74HCT240/MM54HCT241/MM74HCT241/MM54HCT244/MM74HCT244 


AC Electrical Characteristics mus4yct240/mMM74HCT240, MM54HCT241/MM74HCT241, 
MM54HCT244/MM74HCT244 Vcc = 5.0V, t, = ts = 6ns, Ta = 25°C (unless otherwise specified) 


Guaranteed 
tpHL, tPLH Maximum Output CL= 45 pF 14 18 
_| Propagation Delay 
tpzL, tpzH Maximum Output C.=45 pF 
Enable Time RL=1ko 
tpiz, tpHz Maximum Output CL_=5 pF 
Disable Time RL=1 ko 


AC Electrical Characteristics mus4Hct240/MM74HCT240, MM54HCT241/MM74HCT241, 
MM54HCT244/MM74HCT244 Voc = 5.0V 10%, t, = ts = 6 ns (unless otherwise specified) 


Seer 74HCT 54HCT 
oe Ta=—40 to 85°C | Ta= —55 to 125°C 
pulley ee 


Guaranteed Limits 


tpyz, tpLz | Maximum Output RL=1ko ; 16 
Disable Time C_=50 pF 
trHi, trLH_ | Maximum Output C= 50 pF 
Rise and Fall Time 
Maximum Input 15 
Capacitance 
Maximum Output 
Capacitance 
Power Dissipation (per buffer) 
Capacitance (Note 5) G=Vcoc, G=GND 
- G=GND, G=Vcc 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f + Icc Voc,and the no load dynamic current consumption, Is = Cpp Voc 
f+Icc. 
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Logic Diagrams 
"HCT240 "HCT241 


2A4 


TL/F/5365-4 au TL/F/5365-5 


‘HCT244 


peZLOHP ZW /bp2LOHPSWW/1P2.LOHPZWIN/LP2LOHPSIWIN/OP2LOHPZANWW/OPCLOHPSWIWN 





TL/F/5365-6 
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MM54HCT245/MM74HCT245 


National — 
Semiconductor 


MM54HCT245/MM74HCT245 


Octal TRI-STATE® Transceiver 


General Description 


This TRI-STATE bi-directional buffer utilizes advanced sili- 
con-gate CMOS technology and is intended for two-way 
asynchronous communication between data buses. It has 
high drive current outputs which enable high speed opera- 
tion even when driving large bus capacitances. This circuit 
possesses the low power consumption of CMOS circuitry, 
yet has speeds comparable to jow power Schottky TTL cir- 
cuits, 


This device is TTL input compatible and can drive up to 15 
LS-TTL loads, and all inputs are protected from damage due 
to static discharge by diodes to Voc and ground. 
MM54HCT245/MM74HCT245 has one active low enable in- 
put (G), and a direction control (DIR). When the DIR input is 
high, data flows from the A inputs to the B Outputs: When 
DIR is low, data flows from B to A. 


Connection Diagram | 


MM54HCT/MM/74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

a TTL input compatible 

m@ TRI-STATE outputs for connection to system busses 
@ High output drive current: 6 mA (min) 

m High speed: 16 ns typical propagation delay 

@ Low power: 80 pA (74HCT Series) 


Dual-In-Line Package 


ENABLE 
G BI B2 B3 


Al A2 A3 A4 


B4 BS B6 


AS A6 A7 As TL/F/5366~1 


Top View 
Order Number MM54HCT245* or MM74HCT245* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Control! 
Inputs 


Operation 


B data to A bus 
A data to B bus 


H = high level L = low level, X = irrelevant 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vins Vout) 

DC Input Voltage (Vin) —1.5 to Veo + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Voc + 0.5V MM74HCT —40 
Clamp Diode Current (Ix, lox) +20mA Meer aoe 
DC Output Current, per pin (lout) +35 mA gaps or Fall Times 

DC Vcc or GND Current, per pin (Icc) +70 mA Ue 

Storage Temperature Range (Tst«g) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mw 


Lead Temperature (T,) 
(Soldering 10 seconds) 260°C 


SPCLOHPZAIN/SPCLOHPSWIAN 


DC Electrical Characteristics (voc=5v+10%, unless otherwise specified.) 


: 74HCT 54HCT 
Ta=25°C | +4 =-4010 85°C | Ta= —55 to 125°C 
Parameter 


| Typ | Guaranteed Limits 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level! | Vin=Vin or Vit 


Output Voltage llout|=20 pA 


Maximum Low Level | Vin=Vin or Vit 

Voltage llout| =20 pA 
llout| =6.0 mA, Voco = 4.5V 
lloutl =7.2 MA, Voc =5.5V 


Maximum Input Vin=Vcc or GND, 
Current Vin or Vit, Pin 1 or 19 


Maximum TRI-STATE | Voyt=Vcc or GND 
Output Leakage G 
Current 


Maximum Quiescent | Vin=Vcc or GND 
Supply Current louT=0 pA 
Vin=24Vorosvinotea) [os] 10 | 13 | 18 | 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic ‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per input. All other inputs at Voc or ground. 
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MM54HCT245/MM74HCT245 


AC Electrical Characteristics mus4Hct245/mm74HcT245 
Voc= 5.0V, t-=ts=6 ns, Ta=25°C (unless otherwise specified) 


Parameter Conditions Typ Guaranteed 
Limit 
tpt, tpLH Maximum Output C,_=45 pF 
Propagation Delay 
tpz., tpzH Maximum Output — ae 45 pF 
Enable Time 


tpLz, tpyz Maximum Output C_=5 pF 
Disable Time RL=1kn 


AC Electrical Characteristics musayct245/mm74HcT245 
Voc=5.0V +10%, t-=ts=6 ns (unless otherwise specified) 


Sigs 74HCT 54HCT 
Parameter Conditions Ta = —40to 85°C | Ta = —55 to 125°C 


Te | Guaranteed Limits 


Maximum Output Ri = 1k 
Enable Time C. = 50 pF 
Maximum Output Ry = 1k 
Enable Time C, = 50 pF 
tpyz, tpLz | Maximum Output R_ = 1kn 
Disable Time C, = 50 pF 


trHL trLH | Maximum Output C, = 50 pF 
Rise and Fall Time 
Maximum Input 10 15 
Capacitance 
Maximum Output/Iinput 
Capacitance 
Power Dissipation - (Note 5) oe = ee 
Capacitance GND i 


Note 5: Cpp determines the no load power consumption, Pp=Cpp Voc? f+ lec Voc, and the no load dynamic current consumption, Ils=Cpp Vcc f+ Icc- 
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Units 





Logic Diagram 


ENABLE 
GO 


"HCT245 


O DIR 


TL/F/5366-2 





SVCLOHPLINW/SPCLOHPSWW 


MM54HCT251/MM74HCT251 





National © 
Semiconductor 


MM54HCT251/MM74HCT251 


8-Channel TRI-STATE® Multiplexer 


General Description 


This 8-channel digital multiplexer with TRI-STATE outputs 
utilizes advanced silicon-gate CMOS technology. Along with 
the high noise immunity and low power consumption of 
standard CMOS integrated circuits, it possesses the ability 
to drive 10 LS-TTL loads. The large output drive capability 
and TRI-STATE feature make this part ideally suited for in- 
terfacing with bus lines in a bus oriented system. 

This multiplexer features both true (Y) and complement (W) 
outputs as well as a STROBE input. The STROBE must be 
at a low logic level to enable this device. When the STROBE 
input is high, both outputs are in the high impedance state. 
When enabled, address information on the data select in- 
puts determines which data input is routed to the Y and W 
outputs. 


Connection and Logic Diagrams 


Dual-in-Line Package 
DATA INPUTS DATA SELECT 


Y W_ STROBE GND 
ae” 
OUTPUTS 
Top View 
Order Number MM54HCT251* or MM74HCT251* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


DATA INPUTS TL/F/9401—1 


Do 


D1 


A 
D2 


tt 


D3 


iY 
a 
SE 9c ee ee | ee ee 


10 a F(A 


Ai 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

@ Typical propagation delay: 20 ns 

m Low quiescent current: 40 »A maximum (74HCT Series) 
m@ Low input current: 1 »A maximum 

m Fanout of 10 LS-TTL loads 


m@ TTL input compatible 


Truth Table 


X X 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 


Mreirwrwrereinrx 
Cre ere eS 


H = high logic level, L = logic level 
X = irrelevant, Z = high impedance (off) 
DO, D1. . . D7 = the level of the respective D input 


TL/F/9401-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions. 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 


Distributors for availability and specifications. - DC Input or Output Voltage 0 


Supply Voltage (Vcc) 
DC Input Voltage (Vin) 
DC Output Voltage (Vout) 


—0.5V to +7.0V (Vins Vout) 
—1.5V to Voc+ 1.5V Operating Temp. Range (Ta) 
—0.5V to Voc + 0.5V MM74HCT —40 


MM54HCT —55 


Input Rise or Fall Times 
(tt) = Voec=4.5V 


Clamp Diode Current (Ix, lox) +£20mA 
DC Output Current, per Pin (loyt) +35mA 
DC Voc or GND Current, per Pin (loc) +70mA 
Storage Temperature Range (Tstg) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering, 10 seconds) 260°C 


LSCLOHPZWIN/ ESCLOHPSAIN 


DC Electrical Characteristics (Note 4) Voc = 5V +10% 


i Shea 74HCT 
Parameter Conditions — = —40°C to + 85°C | Ta= —55°C to + 125°C] Units 
Typ. Guaranteed Limits 
Minimum High Level 3.15 
Input Voltage 
Maximum Low Level 
input Voltage 
Minimum High Level | Vin= Vix or Vit 
Output Voltage lloyt|<20 pA 4.5 | 4.4 


Vin= Vin oF Vit 
lout] <4.0 mA, Vcc = 4.5V| 4.2 | 3.98 3.84 3.7 
lout! <4.8 MA, Voc = 5.5V a < os oe 
Maximum Low Level | Vin=Viy Or Vit 
Output Voltage llour|<20 pA 
Vin=ViH OF Vit 
llout| <4.0 mA, Voc = 4.5V 0.26 
a 8 mA, Voc = 5.5V 0.26 ; 
+0.1 
Current 
Maximum TRI-STATE | Voyt = Vcc or GND ‘+t 05 
Output Leakage STROBE=Vcc 


Maximum Quiescent | Vin=Vcoc or GND 
Supply Current louT=0 pA 


VIN = 2.4V or 0.5V 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Uniess otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic ‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V + 10% the worst case output voltages (VoH, and Vo,) occur for HC at 4.5V. Thus the 4.5V values should be used when designing 
with this supply. Worst case Vy and Vi, occur at Vcc =5.5V and 4.5V respectively. (The Vj} value at 5.5V is 3.85V.) The worst case leakage current (lin, loc, and 
loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 





4-95 


MM54HCT251/MM74HCT251 


AC Electrical Characteristics voc=sv, Ta=25°C, C= 15 pF, t-=t;=6ns 


tpHL, tpLy | Maximum Propagation Delay | 
A, BorC to Y 

tpHL, tpLH | Maximum Propagation 
Delay, A, Bor C toW 


tpH-, tpLH | Maximum Propagation 
Delay, Any D to Y 


tpHL, tpLy | Maximum Propagation 
Delay, Any D to W 


tpzH, tpzL | Maximum Output Enable RL=1 ko 
Time, W Output C_=50 pF 

tpzH, tpz_ | Maximum Output Enable Re=1 ko 
Time, Y Output Ci =50 pF 

tpHz, tp_z | Maximum Output Disable Time | RL =1kQ 40 
W Output CL=5 pF 

tpyz, tpLz | Maximum Output Disable Time | RL=1k0 27 40 
Y Output CL. =5 pF 


AC Electrical Characteristics voc = 5.0v + 10%, C, =50 pF, t-=t;= 6 ns (unless otherwise specified) 


ears 74HC 54HC 
Symbol Parameter A Ta= —40°C to + 85°C | Ta= —55°C to + 125°C | Units 


Guaranteed Limits 


tpH, tpLy | Maximum Propagation Delay 46 
A, BorCto Y 
tpHL, tp_H | Maximum Propagation 46 
Delay, A, B or C to W 
tpHL; tpLy | Maximum Propagation 27 40 
Delay, any D to Y 
tpHL, tpLy | Maximum Propagation 27 
Delay, any D to W : 
tpzH, tpz_ | Maximum Output Enable Time | RL=1 koa 45 
W Output 
tpzH, tpz_ | Maximum Output Enable Time | RL=1k0 
Y Output 
tpyz, tpLz | Maximum Output Disable Time | RL = 1 kN 22 
W Output ; 
tpyz, tpLz | Maximum Output Disable Time | Rp = 1 kO 
Y Output 
tTHL: trLH | Maximum Output Rise 15 49 ; 
and Fall Time 
Cpp Power Dissipation. (per Package) 
Capacitance (Note 5) 
Cin Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc2 f+!cc Vcc, and the no load dynamic current consumption, Is =Cpp Voc ft+Icc. 
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National © 
Semiconductor 


MM54HCT253/MM74HCT253 


Dual 4-Channel TRI-STATE® Multiplexer 


General Description 


The MM54HCT253/MM74HCT253 utilizes advanced sili- 
con-gate CMOS technology to achieve the low power con- 
sumption of standard CMOS integrated circuits, along with 
the capability to drive 10 LS-TTL loads. The large output 
drive and TRI-STATE features of this device make it ideally 
suited for interfacing with bus lines in bus organized sys- 
tems. When the output control input is taken high, the multi- 
plexer outputs are sent into a high impedance state. 

When the output control is held low, the associated multi- 
plexer chooses the correct output channel for the given in- 
put signals determined by the select A and B inputs. 


Connection Diagram 


The 54HC/74HC logic family is functionally and pinout com- 
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter- 
nal diode clamps to Vcc and ground. 


Features 

@ Typical propagation delay: 24 ns 

m Low quiescent current: 80 nA maximum (74HCT Series) 
@ Low input current: 1 wA maximum 

@ Fanout of 10 LS-TTL loads 

@ TTL input compatible 


Dual-In-Line Package 


OUTPUT 
CONTROL A 
2G = SELECT §=—-2€3 


OUTPUT =-B c3 1€2 
CONTROL SELECT 
1 


DATA INPUTS 


1€1 1CO OUTPUT = GND 
v 


C , DATA INPUTS 


TL/F/8434-1 


Top View 
Order Number MM54HCT253* or MM74HCT253* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Select 
Data Inputs 


zarrzzrex|p| 
wcrc xB 
emcee xml 
eee) 


rzzzeeerx|a 
Em neon mer] 





Output 
Control 


ccacarsenl E 


Select inputs A and B are common to both sections. 
H = high level, L = low level, X = irrelevant, Z = high impedance (off). 
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€SZLOHPZININ/ESZLOHPSIIN 


MM54HCT253/MM74HCT253 


Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for avallability and specifications. DC input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vin; Vout) 

DC Input Voltage (Vin) —1.5 to Voc +1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Voc +0.5V MM74HCT 

Clamp Diode Current (IK, lox) +20mA MCT 

DC Output Current, per pin (IoyT) +35 mA Input Rise or Fall Times 

DC Voc or GND Current, per pin (Ioc) +70mA (tr, 

Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Po) 
Habe 7 600 mw 
S.O. Package only scree 


Lead Temp. (T;) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics Vcc = 5v +10% (unless otherwise specified) 


T, = 25°C 74HCT 54HCT 
Parameter ‘ Conditions - = —40°C to 85°C|Ta = —55°C to 125°C| Units 


Typ] Guaranteed Limits 


Minimum High Level! 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin = Vin or Vit 
Output Voltage llout| = 20 pA 


Maximum Low Level | Vin = Vin or Vit 

Voltage llout] = 20 pA 
llour| = 4.0 mA, Voc = 4.5V 
llout| = 4.8 mA, Voc = 5.5V 


Maximum Input - Vin = Voc or GND, 
Current Vin or Vit 


Maximum TRI-STATE} Vout = Voc or GND 
Output Leakage Enable = Vjq or Vic 
Current 


Maximum Quiescent | Vin = Voc or GND 
Supply Current lout = OA 
Y= 2avorosvinotes) |_| oe | 08 | 40 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating—plastic ‘‘N" package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin. All others tied to Vcc or ground. 
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AC Electrical Characteristics voc = 5v, Ta, = 25°C, t, = ty = 6ns, CL = 15 pF 


Conditions 


teHL, tpLH Maximum Propagation 
Delay, Select A or B to Y 


teHL tpLH Maximum Propagation 
Delay, any Data to Y 


tezn, tpz Maximum Output Enable Time RL = 1k 15 
Y Output to a Logic Level 

tpHz, tpiz Maximum Output Disable Time RL = 1k 11 
Y Output to High Impedance State 


AC Electrical Characteristics C. = 50 pF, t, = t; = 6 ns (unless otherwise specified) 


Ta = 25°C 74HC 54HC 
Parameter A Ta = —40°C to 85°C | Ta = 55°C to 125°C _| Units 


ie Tye|toe| wi | wor | win [Max 
teHL, tp_y | Maximum Propagation 40 
Delay, Select A or B to Y 
tpHL, tpLH | Maximum Propagation 24 | 35 
Delay, and Data to Y 


tpzH, tpz_ | Maximum ae Enable Time | RL = 1k | {19 | 26 2) 2-p-— 
tpyz, tpLz}| Maximum | Maximum Output Disable Time | Disable Time} RL = 1k IRe=1ika =| fasf2of sits 


ttHL, trLH | Maximum Output Rise 15 
and Fall Time 
Maximum Input Capacitance aay it) 


Power Dissipation (per package) 
Capacitance (Note 5) Output Enabled 
Outputs Disabled 


Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Vcc 2 f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+Icc. 





Logic Diagram 


2G 


TL/F/8434-2 
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€SCLOHPZINW/ESCLOHPSINW 


MM54HCT257/MM74HCT257/MM54HCT258/MM74HCT258 





National — 
Semiconductor 


MM54HCT257/MM74HCT257 


Quad 2-Channel TRI-STATE® Multiplexer 


MM54HCT258/MM74HCT258 


Quad 2-Channel TRI-STATE® Multiplexer 


(Inverted Output) 


General Description 


These Quad 2-to-1 line date selector/multiplexers utilize ad- 
vanced silicon-gate CMOS technology. Along with the high: 
noise immunity and low power dissipation of standard 
CMOS integrated circuits, these possess the ability to drive 
LS-TTL loads. The large output drive capability coupled with 
the TRI-STATE feature make these devices ideal for inter- 
facing with bus lines in a bus organized system. When the 
OUTPUT CONTROL input line is taken high, the outputs of 
all four multiplexers are sent into a high impedance state. 
When the OUTPUT CONTROL line is low, A or B data is 
selected for the HCT257 while A or B data i is selected for 
the HCT258. 


The 54HCT/74HCT logic family is speed, function, and pin- 
out compatible with the standard 54LS/74LS logic family. 


Connection Diagrams 


Dual-In-Line Package 


output INPUTS output 'NPUTS ourpuT 
VccCONTROL4A 4B 4Y 3A 38 3Y 


SELECT 1A 1B 1¥Y 2A 28 


~~ ae wee 
iwpurs OUTPUT pits OUTPUT 


TL/F/6121-1 
Top View 


Order Number MM54HCT257* or MM74HCT257* 


Truth Tables 
| tnputs 


Output 





H = high level, L = low level, 


= irrelevant, Z = 


All inputs are protected from damage due to static dis- 
charge by internal diode clamps to Vcc and ground. 


Features 

m Typical propagation delay: 15 ns 

m Power supply range: 5V +10% 

@ Low quiescent current: 80 pA maximum (74HC Series) 

@ Completely TTL compatible 

@ TRI-STATE outputs for connection to system buses 

m@ Added circuitry allows data input levels to float during 
TRI-STATE with no additional power consumption 

w High output drive current: 60 mA minimum 


Dual-In-Line Package 


INPUTS 
OUTPUT Pesiclll OUTPUT —————. OUTPUT 


Veo CONTROL 4A «4B 4Y)s AsO 


SELECT 1A 1B 1Y GND 


TL/F/6121-2 
Top View 


Order Number MM54HCT258* or MM74HCT258* 


*Please look into Section 8, Appendix D for availability of various package types. 


Output 


H 





L 
L 
L 
L 


high impedance, (off) 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


lf Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 2 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5V to +7.0V (Vin, Vout) 

DC Input Voltage (Vinx) —1.5V to Voc t 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5V to Voc + 0.5V MM74HCT 

Clamp Diode Current (Ix, lox) +20mA Milenio ; 

DC Output Current, per Pin (Igyt) +35 mA Input Rise ial ge 

DC Vcc or GND Current, per Pin (I¢c) +70 mA rt) pegew 

Storage Temperature Range (TstG) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering, 10 sec.) 260°C 


DC Electrical Characteristics (Note 4) Voc = 5v +10% 


Ta=25°C 74HCT 
Parameter Conditions ae = —40°C to 85°C | Ta= —55°C to 125°C | Units 
| Typ | Guaranteed Limits 
Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 
Minimum High Level | Vin=Vixq or Vic 
Output Voltage llout|<20 pA 4. Py 
ViIN= Vin OF ViL 
llout| <6.0 mA, Voc =4.5V | 4.2 | 3.98 3.84 3.7 
llout| <7.2 MA, Voc =5.5V 4.98 4.84 4.7 
Maximum Low Level | Vin=Vjq or Vi. 
Output Voltage llout|<20 pA 0.1 0.1 
ViIN= ViH OF Vit 
llout| <6.0 mA, Voc =4.5V 0.26 0.4 
llout| <7.2 mA, Voc =5.5V 0.26 0.4 
Current 
Maximum TRI-STATE | Vout=Vcc or GND 
Output Leakage ie a ae 
Maximum Quiescent | Vin = Voc or GND 
Supply Current louT = OpA 


Vin = 2.4V or 0.5V (Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating — plastic “N” package: - 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V +10% the worst case output voltages (Voy and Vo.) occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case Vi and Vi occur at Voc = 5.5V and 4.5V respectively. (The Vj value at 5.5V is 3.85V.) The worst case leakage current (Ij, 
loc, and Iz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 


892. LOHPZWIN/8SCLOHPSWIN/ZSCLOHPZWIN/ZSCLOHPSINW 
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MM54HCT257/MM74HCT257/MM54HCT258/MM74HCT258 


AC Electrical Characteristics Vec= 5V, Ta= 25°C, C_=45 pF, t= ty=6 ns (unless otherwise noted) 


Guaranteed 
tpHL: tpLH | Maximum Propagation 16 
Select to any Output 
tpHL, tpLH | Maximum Propagation Delay 
AorB to ac Output 


| tezH, tezi | tpzL | Maximum Enable Time —_| Enable Time PRL = 1ko | =1kn 


tpyz, tp_z | Maximum Disable Time Re = 1kn 
CL = 5pF . 


AC Electrical Characteristics voc=5v+10%, t,=t;=6 ns, C,=50 pF (unless otherwise noted) 


ie Dipti 74HCT 
Symbol Parameter Aé = —40°C to +85°C | Ta= —55°C to + 125°C | Units 


Guaranteed Limits 
tpHL tpLy | Maximum Propagation | 
Select to any Output 
tpHL, tpLH | Maximum Propagation aa a 
AorB to any Output 


tpzH; tpz_ | Maximum Enable to RL = 1k 


any Output C. = 50 pF 


tpHz, tpLz | Maximum Disable Ry = 1k 
Time 


tTHL trtH | Maximum Output Rise 
and Fall Times 


Power Dissipation 
Capacitance (Note 5) 


Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Voc f+Icc. 
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Logic Diagrams 


*HCT257 


TL/F/6121-3 


8SCLOHYZWIW/8S2LOHPSIWWW/ZSZLOHP ZAIN /ZS7LOHPSWN 


TL/F/6121-4 
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MM54HCT273/MM74HCT273 


National - 
Semiconductor 


MM54HCT273/MM74HCT273 
Octal D Flip-Flop with Clear . 


General Description 


The MM54HCT273/MM74HCT273 utilizes advanced sili- 
con-gate CMOS technology. It has an input threshold and 
output drive similar to LS-TTL with the low standby power of 
CMOS. 


These positive edge-triggered flip-flops have a common 
clock and clear-independent Q outputs. Data on a D input, 
having the specified set-up and hold time, is transferred to 
the corresponding Q output on the positive-going transition 
of the clock pulse. The asynchronous clear forces all out- 
puts low when it is low. 


All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vcc and ground. 


Connection Diagram 

Dual-In-Line Package 

07 Q7 RE D6 05 
16 14 


8 
18 


| Q L i) Q 
Ck qo OP CK - 
CLEAR aie CLEAR 


Of CK 


© 
° CLEAR 
,\ Ph i 
: a oD 


1 


3 5 
CLEAR 3) 1 D Q2 


Top View 


5-4. 
ott 


aay Gee Ieee 
C) 
CL 





MM54HCT/MM74HCT devices are intended to interface 
TTL and NMOS components to CMOS components. These 
parts can be used as plug-in replacements to reduce sys- 
tem power consumption in existing designs. 


Features 

@ Typical propagation delay: 20 ns 

m Low quiescent current: 80 »A maximum (74HCT series) 
w Fanout of 10 LS-TTL loads 


Logic Diagram 


WW, 


| | [es 
CLEAR CLEAR 
CK <§O Om CK 
A fl E 0 Q 7 i Q D IE 0 Qa iq 
6 7 8 9 
Q3 03 04 Q4 


» GND 
TL/F/5760-1 


Order Number MM54HCT273* or MM74HCT273* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table (Each Flip-Flop) 


H = high level (steady-state) 

L = low level (steady-state) 

X = don't care 

T = transition from tow to high level 


QO = the level of Q before the indicated steady-state input 


conditions were established. 


TL/F/5760~2 
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Absolute Maximum Ratings (notes1and2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 


Supply Voltage (Vcc) —0.5V to + 7.0V (Vin, Vout) 0 
DC Input Voltage (Vin) —1.5V to Voc + 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5V to Voc + 0.5V MM74HCT 

Clamp Diode Current (Ix. lox) +20mA MMS4HCT 

DC Output Current, per Pin (lout) +25mA Input Rise or Fall Times 

DC Vcc or GND Current, per Pin (Icc) +50 mA (tr. t) 

Storage Temperature Range (TstcG) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics vo, = 5v + 10% unless otherwise specified 


Ta=25°C 74HCT 
Parameter Conditions aa = — 40°C to 85°C | Ta= — 55°C to 125°C | Units 
Typ. Guaranteed Limits 


Minimum High Level 

Input Voltage 

Maximum Low Level 

Input Voltage 

Minimum High Level | Vin = Vin or Vi 
Output Voltage 


Minimum Low Level | Vin = Viy or Vit 

Voltage Houtl = 20 pA 
lloutl = 4.0 mA, Voc = 4.5V 
llout| = 4.8 mA, Vcc = 5.5V 


Maximum Input Vin = Voc or GND, 
Current Vin OF ViL 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. ; 

Note 3: Power dissipation temperature derating—plastic “N’ package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin, all other inputs held at Voc or GND. 
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EZELOHPZWW/EZ2LOHPSWIN 


MM54HCT273/MM74HCT273 


AC Electrical Characteristics Vcc = 5v, T, = 25°C, C, = 15pF,t, = tf = 6ns 


Parameter Conditions Guaranteed 
Limits 


Maximum Operating Frequency | go 


teHL tpLH Maximum Propagation Delay from Clock to Q Beas 
teHL tpLH Maximum Propagation Delay from Clear to Q i; oe oe 
Minimum Removal Time, Clear to Clock eG 


Minimum Set-Up Time D to Clock 


Minimum Hold Time Ciock to D a sae ee 
Minimum Pulse Width Clock or Clear hen ee ee 


Gan 
NS. 
ae 
i see 


AC Electrical Characteristics voc = 5.0v + 10%, C, = 50 pF, t, = ty = 6ns unless otherwise specified 


Ta=25°C 74HCT 54HCT 
Symbol Parameter Conditions - Ta=—40°C to 85°C | Ta=—55°C to 125°C | Units 


; Guaranteed Limits 


fax Maximum Operating 27 18 MHz 
Frequency 

tpH., tpt | Maximum Propagation - 37 46 ns 
Delay from Clock to Q 

tpH., tpt | Maximum Propagation 44 A ee 52 . 
Delay from Clear to Q 

tRem Minimum Removal 7 . 
Time Clear to Clock . 

ts Minimum Set-Up Time 30 
D to Clock 
Minimum Hold Time 
Clock to D 

tw Minimum Pulse Width 16 
Clock or Clear 

tr, ty Maximum Input Rise 
and Fall Time, Clock 

trot. ttLH | Maximum Output Rise 11 15 

and Fall Time 

Cpp Power Dissipation (Per Flip-Flop) 
Capacitance (Note 5) 

Cin Maximum Input 10 10 10 pF 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc2f + Ico Vcc, and the no load dynamic current consumption, Is = Cpp Voc? f + Icc. 
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National — 
Semiconductor 


MM54HCT373/MM74HCT373 


TRI-STATE® Octal D-Type Latch 


MM54HCT374/MM74HCT374 


TRI-STATE Octal D-Type Flip-Flop 


General Description 


The MM54HCT373/MM74HCT373 octal D-type latches and 
MM54HCT374/MM74HCT374 Octal D-type flip flops ad- 
vanced silicon-gate CMOS technology, which provides the 
inherent benefits of low power consumption and wide power 
supply range, but are LS-TTL input and output characteristic 
& pin-out compatible. The TRI-STATE outputs are capable 
of driving 15 LS-TTL loads. All inputs are protected from 
damage due to static discharge by internal diodes to Voc 
and ground. 


When the MM54HCT373/MM74HCT373 LATCH ENABLE 
input is high, the Q outputs will follow the D inputs. When 
the LATCH ENABLE goes low, data at the D inputs will be 
retained at the outputs until) LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 


The MM54HCT374/MM74HCT374 are positive edge trig- 
gered flip-flops. Data at the D inputs, meeting the setup and 
hold time requirements, are transferred to the Q outputs on 


Connection Diagram 


positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to the OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, regardless 
of what signals are present at the other inputs and the state 
of the storage elements. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

@ TTL input characteristic compatible 

@ Typical propagation delay: 20 ns 

m Low input current: 1 A maximum 

m™ Low quiescent current: 80 »A maximum 
= Compatible with bus-oriented systems 
m Output drive capability: 15 LS-TTL loads 


Dual-In-Line Package 


LATCH 
ENABLE 
LE 


Voc 80 


aie ea ea 
a) tats Y 


a 


Acer EI 


2 





OUTPUT 10 
CONTROL 
oc 


TL/F/5367-1 
Top View 


’HC373 
Order Number MM54HCT373* or MM74HCT373* 


OUTPUT 10 
CONTROL 
oc 


TL/F/5367-2 
Top View 


°HC374 
Order Number MM54HCT374* or MM74HCT374* 


*Please look into Section 8, Appendix D for availability of various package types. 
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PLELOHPZINN/PZELOHPSINW/EZELOHPZNIN/EZELOHPSWIN 


Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Operating Conditions 


Min 
4.5 


MM54HCT373/MM74HCT373/MM54HCT374/MM74HCT374 


Supply Voltage (Vcc) 
DC Input or Output Voltage 0 
(Vin: Vout) 
Operating Temp. Range (Ta) 
MM74HCT 
MM54HCT 
Input Rise or Fall Times - 
(tr, tf) 


Distributors for availability and specifications. 
Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (Vin) —1.5 to Voc + 1.5V 
DC Output Voltage (Vour) —0.5 to Voc + 0.5V 
Clamp Diode Current (Ii, lox) +20 mA 
DC Output Current, per pin (Iouy) +35mA 
DC Voc or GND Current, per pin (Icc) +70 mA 
» Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 
S.O. Package only 


Lead Temp. (T,) (Soldering 10 seconds) 


—40 
—55 


600 mW 
500 mW 


260°C 


DC Electrical Characteristics voc=5v + 10% (unless otherwise specified) 


er 74HCT . 
Parameter Conditions eal Ta= — 40 to 85°C } Ta= — 55 to 125°C | Units 
| Typ | Guaranteed Limits 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level} Vin=Viq or Vit 


Output Voltage ligut| = 20 pA Vec | Vec—0.1 


lloutl =6.0 mA, Vog=4.5V | 4.2 
llout| =7.2 mA, Voc=5.5V | 5.7 


Maximum Low Level 
Voltage 


Vin= Vin OF Vit 

llour|=20 pA 

llout! =6.0 mA, Voc =4.5V 
llourl = 7.2 mA, Voc =5.5V 


Maximum Input Vin= Vcc or GND, +041 +1.0 
Current Vin or Vit 
Maximum TRI-STATE | Vout= Vcc or GND 
Output Leakage Enable = Viy or VIL 
ee OpA 


Current 
Viv=24vorosv(Notea) | | 10 | 19 =| 18 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “‘N" package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin. All others tied to Voc or ground. 


Maximum Quiescent 
Supply Current 
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AC Electrical Characteristics mmssHcts73/MM74HCT373 
Voc =5.0V, t-=ts=6 ns Ta = 25°C (unless otherwise specified) 


tpHL, tpLH | Maximum Propagation Delay CL =45 pF 
Data to Output 

tpHt, tpLy | Maximum Propagation Delay CL=45 pF 21 
Latch Enable to Output 

tp2H: tpz__ | Maximum Enable Propagation Delay = 45 pF 
Control to Output ae 1ko 

tpHz, tpLz | Maximum Disable Propagation Delay | CL=5 pF 
Control! to Output RL=1ka 

ltwo Minimum Clock Pulse Width eee ee ee ee 


[ts __| Minimum Setup Time Data to Clock ee a eee 
[ty | Minimum Hold TimeClocktoData J] | tons 


AC Electrical Characteristics mmsaHct373/MM74HCT373 
Voc=5.0V +10%, t-=ts=6 ns (unless otherwise specified) 


Ta=25°C 74HCT S4HCT 
Symbol Parameter Conditions AX Ta= — 40 to 85°C | Ta= —55 to 125°C | Units 


| Typ | Guaranteed Limits 
teHL tepLH | Maximum Propagation CL=50 pF 30 37 
Delay Data to Output Ci = 150 pF 40 50 
tpHL tpLH | Maximum Propagation Delay CL =50 pF 35 44 
Latch Enable to Output CL = 150 pF 45 56 
tpzH, tpz_ | Maximum Enable Propagation Cy. =50 pF 37 _ 8 
Delay Control to Output C= 150 pF 50 60 
RL=1ka 


tpyz, tpLz | Maximum Disable Propagation C= 50 pF 
Delay Control to Output RL=1ka 
trHL ttLH | Maximum Output Rise C, = 50 pF 
Rare T or eee Fall Time 
Minimum | Minimum Clock Pulse Width Pulse Width 


th Minimum HoldTime ClocktoData |_| | to | 38] 
Ciy__| Maximum Input Capacitance —————————————————————— 


CouT Maximum | Maximum Output Capacitance i Capacitance 


_Cpp Power Dissipation Capacitance (Note 5) Secu Voc pF 
OC=GND pF 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f + Icc Voc, and the no load dynamic current consumption, |g = Cpp 
Voc f + loo 


Truth Table 


Output 373 Output Output 
Output Se oe - 
: 


Qo 
Zz 





L H H "+H 
L H L L 
L L Xx Qo 
H X X Z 


H = high level, L = low level - H = High Level, L = Low Level 
Qo = level of output before steady-state input conditions X = Don't Care 
were established. T = Transition from low-to-high 
= high impedance Z = High impedance state 


Qo = The level of the output before steady state input conditions 
were established. 


xx 
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PLELOHPZNIN/PZELOHPSWIN/EZELOHPZWW/EZELOHPSIIN 


MM54HCT373/MM74HCT373/MM54HCT374/MM74HCT374 


AC Electrical Characteristics mus4Hct374/MmM74HCT374 
Voc=5.0V, t-=ts=6 ns Ta = 25°C (unless otherwise specified) 


Guaranteed 
Parameter 
Limit 


Maximum Clock Frequency 


tpH_, tptH | Maximum Propagation Delay C.=45 pF 
to Output 
tpzH, tpz_ | Maximum Enable Propagation Delay | C,=45 pF 28 
Control to Output RL=1ko 
tpHz, tpLz | Maximum Disable Propagation Delay | C_=5 pF 17 
Control to Output RL=1ko 
Minimum Clock Pulse Width | 20 | sons | 


Minimum Setup Time Data to Clock 
Minimum Hold Time Clock to Data 


AC Electrical Characteristics mms4Hcts74/mm74HcT374 
Voc=5.0V +10%, t-=ts=6 ns (unless otherwise specified) 


Steed 74HCT 54HCT 
Parameter “i Ta= —40 to 85°C | Ta = —55 to 125°C 


Guaranteed Limits 
Maximum Clock Frequency ESS (ee ae ae ee 


tpHL, tpLH | Maximum Propagation Delay C.=50 pF 36 45 48 
to Output C, = 150 pF 46 57 69 
= 30 


tpznH, tpz_ | Maximum Enable Propagation 
Delay Control to Output 


tpHz, tpiz | Maximum Disable Propagation C,=50 pF 37 
Delay Control to Output Rp=1kn 
tro, ttLH | Maximum Output Rise C, = 50 pF 12 
and Fall Time 
Minimum Clock Pulse Width ae Be ets eee ee ee es 
MinimumSetup Time DatatoGlock | || 20 |_| 
MinimumHoldTimeClocktobata | = | | 8 | S| 


Maximum Input Capacitance ee (iat Ee eee ee ee ee 
Maximum Output Capacitance aa ae 


a a a ae 
Power Dissipation Capacitance (Note 5) | OC=Vcec 5 
OC=GND 58 


Note 5: Cpp determines the no load power consumption, Pp=Cpp Voc? f+ loc Voc, and the no load dynamic current consumption, Is =Cpp Vcc f+ lec. 
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Logic Diagrams 


Pease MM74HCT373 


ENABLE 
. fii i 
OUTPUT e : 


CONTROL 


(OC) 
TL/F/5367~4 


MM54HCT374/MM74HCT374 


CONTROL 
(OC) 


TL/F/5367-5 
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pLELOHPZWIN/PZELOHPSWIN/EZELOHPZWIN/EZELOHPSINW 


MM54HCT521/MM74HCT521 


National | 
Semiconductor 


MM54HCT521/MM74HCT521 
8-Bit Magnitude Comparator 
(Equality Detector) 


General Description 


This equality detector utilizes advanced silicon-gate CMOS 
technology to compare bit for bit two 8-bit words and indi- 
cate whether or not they are equal. The P=Q output indi- 


cates equality when it is low. A single active low enable is ~ 


provided to facilitate cascading of several packages and en- 
able comparison of words greater than 8 bits. 

This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 

The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TTL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 


Connection and Logic Diagrams 


Dual-In-Line Package 
Veco P= GQ Q7 =P? «06 «PES 


Q2  P3 Q3 GND 
TL/F/6122-1 
Top View 


Order Number MM54HCT521* or MM74HCT521* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL.and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

@ TTL input compatible 

@ Typical propagation delay: 20 ns 

m@ Low quiescent current: 80 A maximum (74HCT Series) 
mw Same as ’HCT688 


TL/F/6122-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. 


Supply Voltage (Vcc) —0.5 to +7.0V 
DC Input Voltage (V -1, +1. 
nputvoltage Wisi ete Veer LV Operating Temp. Range (Ta) 
DC Output Voltage (VquT) —0.5 to Voco + 0.5V MM74HCT688 
Clamp Diode Current (Ix, lox) +20 mA MMS54HCT688 
DC Output Current, per pin (lour) +25mA Input Rise or Fall Times 
DC Vcc or GND Current, per pin (I¢c) +50mA (te, ty) 
Storage Temperature Range (Tsjq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 seconds) 260°C 


DC Input or Output Voltage 0 
(Vin: Vout) 


DC Electrical Characteristics voco=5v +10% (unless otherwise specified) 
74HCT 54HCT 
Ta= 25°C 7 - - : 
Parameter Conditions Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits. 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 


Minimum High Level | Vij =0.8V or 2.0V 
Output Voltage llout| = 20 pA Voc | Voc—9.1 


llout|=4.0 MA, Veg =4.5V | 4.2 
lloutl =4.8 mA, Voc =5.5V | 5.7 


Maximum Low Level | Vijy=VO0.8V or 2.0V 

Voltage llout|=20 pA : : 0.1 
\lout| = 4.0 mA, Voc=4.5V 0.4 
llout| = 4.8 mA, Voc = 5.5V 


0.4 
Maximum Input Vin= Vcc or GND +0.1 +1.0 +1.0 
Current 
Maximum Quiescent | Vin=Vcc or GND 160 
Supply Current louT=9 pA 


Vin=2.4V or 0.4V (Note 4) | {| os [| of |  o5 | 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “‘N"’ package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin. All other inputs held at Vcc or ground. 
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LéS.LOHPZWIN/LCSLOHPSWIAN 


MM54HCT521/MM74HCT521 


AC Electrical Characteristics voc=5v, T,= 25°C, C. = 15 pF, t;=t;=6 ns (unless otherwise specified) 


Guaranteed 
tPHL Maximum Propagation 
Delay - P or Q to Output 
tPLH Maximum Propagation 
Delay - P or Q to Output 


tPpHE Maximum Propagation 
Delay - Enable to Output 

tPHL Maximum Propagation 18 
Delay - Enable to Output 


AC Electrical Characteristics voc=5v +10%, C, =50 pF, t,=t;=6 ns (unless éihierwise'specified) 


Ta=25°C 74HCT 54HCT 
Parameter Conditions “ Ta= —40 to 85°C Ta= —55 to 125°C 


Guaranteed Limits 
Maximum Propagation 
Delay - P or Q to Output 
Maximum Propagation 24 
Delay - P or Q to Output 
Maximum Propagation 
Delay - Enable to Output 


Maximum Propagation 
Delay - Enable to Output 


tro ttLH Maximum Output Rise 
and Fall Time . 
Power Dissipation 
‘| Capacitance (Note 5) 
Maximum Input 
Capacitance 





Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f+Icc Voc, and the no load dynamic current consumption, Is = Cpp Voc+ icc. 





4-114 


National — 
Semiconductor 


MM54HCT533/MM74HCT533 


TRI-STATE® Octal D-Type Latch with Inverted Outputs 


MM54HCT534/MM74HCT534 


TRI-STATE Octal D-Type Flip-Flop with Inverted Outputs 


General Description 


The MM54HCT533/MM74HCT533 octal D-type latches and 
MM54HCT534/MM74HCT534 Octal D-type flip-flops utilize 
advanced silicon-gate CMOS technology which provides the 
inherent benefits of low power consumption and wide power 
supply range, but are LS-TTL input and output characteristic 
& pin-out compatible. The TRI-STATE outputs are capable 
of driving 15 LS-TTL loads. All inputs are protected from 
damage due to static discharge by internal diodes to Vcc 
and ground. 


When the MM54HCT533/MM74HCT533 LATCH ENABLE 
input is high, the data present on the D inputs will appear 
inverted at the QBar outputs. When the LATCH ENABLE 
goes low, the inverted data will be retained at the QBar 
outputs until LATCH ENABLE returns high again. When a 
high logic level is applied to the OUTPUT CONTROL input, 
all outputs go to a high impedance state, regardless of what 
signals are present at the ollier inputs and the state of the 
storage elements. 

The MM54HCT534/MM74HCT534 are positive edge trig- 
gered flip-flops. Data at the D inputs, meeting the setup and 
hold time requirements, are inverted and transferred to 


Truth Tables 


‘HCT533 
Output Eaten 
Enable 
Control G 


the Q outputs on positive going transitions of the CLOCK 
(CK) input. When a high logic level is applied to the OUT- 
PUT CONTROL (OC) input, all outputs go to a high imped- 
ance state, regardless of what signals are present at the 
other inputs and the state of the storage elements. 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 


Features 

@ TTL input characteristic compatible 
Typical propagation delay: 18 ns 

@ Low input current: 1 pA maximum 

m Low quiescent current: 80 »A maximum 
@ Compatible with bus-oriented systems 
m@ Output drive capability: 15 LS-TTL loads 


"HCT534 


H = High Level, L = Low Level 

X = Don't Care 

T = Transition from low-to-high 

Z = High impedance state 

Qo = The level of the output before steady state 
Input conditions were established 
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PESLOHPZW/PESLOHPSWIW/EESLOHPZWIN/E€SLOHPSWIA 





MM54HCT533/MM74HCT533/MM54HCT534/MM74HCT534 


Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) © 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vin: VouT) . 

DC Input Voltage (Vin) —1.5 to Vog+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Voo+ 0.5V MM74HCT 

Clamp Diode Current (ix, lox) +20 mA MMT 

DC Output Current, per pin (Igy) +35 mA ae : ise or Fall Times 

DC Vcc or GND Current, per pin (Ico). +70 mA (tr te) 

Storage Temperature Range (Tstq) —65°C to + 150°C 


Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (T,) (Soldering 10 sBonda) 260°C 


DC Electrical Characteristics Vcc = 5v + 10% (unless otherwise specified) 


; Ta=25°C 74HCT 54HCT 
Parameter Conditions n= Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
| Typ | Guaranteed Limits 
Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 
Minimum High Level | Vin=Vjq or ViL 
Output Voltage lloytl = 20 pA Voc | Voc 0.1 


llgut| =6.0 mA, Voc =4.5V | 4.2 
llout| =7.2 mA, Voc =5.5V | 5.2 


Maximum Low Level | Vin=Vjy OF ViL 

Voltage lloutl = 20 pA 
[lout] =6.0 mA, Voc = 4.5V 
llout| =7-2 mA, Voc =5.5V 


0.4 

: 0.4 
Maximum Input Vin=Veoc or GND, +0.1 +1.0 +1.0 
Current Vin or Vit 
Maximum TRI-STATE | Voyt=Vcc or GND +0.5 +5.0 +10 
Output Leakage Enable= Vy 
Current 
Maximum Quiescent | Vin=Vcc or GND 
Supply Current lour=0 pA 


Viv=2avorosvinoted | | 40 {| 13 | ts 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin. All others tied to Voc or ground. 
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AC Electrical Characteristics musaucts33/mM74HCT533 
Voc = 5.0V, tp =t}=6 ns, Ta = 25°C (unless otherwise specified) 


Guaranteed 
tpHL: tpLH | Maximum Propagation Delay C= 45 pF 18 
Data to Output 
tpHt: tpLH | Maximum Propagation Delay CL=45 pF 21 
Latch Enable to Output 
tpzH; tpz_ | Maximum Enable Propagation Delay = 45 pF 20 28 
Control to Output ae 1kA 
tpHz, tp_z | Maximum Disable Propagation Delay | C_=5 pF 
a alae to ce Cor ae = 1ka 
Minimum | Minimum Clock Pulse Width Pulse Width 


ee a ee 
ft | Minimum Hold TimeCiocktoData | || tons 


AC Electrical Characteristics mmsaHctss3/mm74HcT533 
Vcoc=5.0V +10%, t-=ts=6 ns (unless otherwise specified) 


. sees 74HCT 54HCT 
Symbol Parameter Conditions Ta= Ta= — 40 to 85°C | Ta= —55 to 125°C | Units 


Typ | Guaranteed Limits 


tpHL, tpLH | Maximum Propagation CL=50 pF 30 37 
Delay Data to Output C_=150 pF 40 50 a 


PES.LOHPZINW/PESLOHPSININ/E€SLOHPZIWIW/EESLOHPSINN 


tpHL, tpLy | Maximum Propagation Delay C_=50 pF 35 . 
Latch Enable to Output C_=150 pF 45 
tpzH, tpz_ | Maximum Enable Propagation 
Delay Control to Output 
tpHz, tpLz | Maximum Disable Propagation C._=50 pF 
Delay Control to Output RL=1ko2 
tTHL: trLH | Maximum Output Rise CL = 50 pF 
and Coe ae Time 


| Minimum Clock Pulse Width Clock Pulse Width 


ts eee ae 
ty | MinimumHoldTimeGiocktoData ||| to | ts | 
Own jensen opurcapstnes Le 
Cour | Maximum OutputGapacitance ||| 20 | 0 


Cpp Power Dissipation Capacitance (Note 5) |} OC=Vcoc 
OC=GND 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f + Icec Voc, and the no load dynamic current consumption, Is = Cpp Vcc f + 
loc. 
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MM54HCT533/MM74HCT533/MM54HCT534/MM74HCT534 


AC Electrical Characteristics musayHcts34/MM74HCT534 
Voc= 5.0V, t-=ts=6 ns, Ta = 25°C (unless otherwise specified) 


haase = Maximum Clock | Maximum ClockFrequency =| | MHz | 


tpH_, tpLH | Maximum Propagation Delay ss 45 pF 
to Output 

tpzH, tpz_ | Maximum Enable Propagation Delay | C_=45 pF 
Control to Output RL=1k 

tpyz, tpLz | Maximum Disable Propagation Delay | C_=5 pF 17 
eo lee to rer ee es 1kQ 
| Minimum Clock Pulse Width | Clock Pulse Width 


aa Minimum Setup Time Data to Clock eee ee eee 
MinimumHoldTimeGlocktoData | | | 16 ns 


AC Electrical Characteristics musayctss4/mm74HcT534 
Voc=5.0V +10%, t-=ts=6 ns (unless otherwise specified) 


ere 74HCT 54HCT 
Parameter a~ — 40 to 85°C eee a See —55 to 125°C 


Guaranteed ee eee 
Maximum Clock [Maximum Clock Frequency | 


Delay Control to Output 


tpHz, tpLz | Maximum Disable Propagation CL=50pF .| 21 { 30 
Delay Control to Output Rp=1ko 

tut tTLH | Maximum Output Rise C. = 50 pF 
nana Fall Time 


Minimum [Minimum Clock Pulse Width | Pulse Width 


pe ee ee eee 
[MinimumHoldTimeClocktobata | | | 8 | ls | 
pene Cssenee Fe} 
Maximum | Maximum Output Capacitance | Capacitance a Ee ee eee ee 


Power Dissipation Capacitance (Note 5) }OC=Vcco 
OC=GND 


Note 5: Cpp determines the no load power consumption, Pp =Cpp Voc2 f+ loc Voc, and the no load dynamic current consumption, Is=Cpp Vcc f+ Icc. 
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Connection Diagram 


Dual-in-Line Package 


LATCH 
ENABLE 


OUTPUT 
CONTROL 
oc 
TL/F/6123-1 


Top View 


Order Number MM54HCT533* or MM74HCT533°* 
*Please look into Section 8, Appendix D for availability of various package types. 


Dual-in-Line Package 
70 60 6D 


OUTPUT 10 
CONTROL 


oc 
TL/F/6123-2 


Top View 


Order Number MM54HCT534* or MM74HCT534* 
*Please look into Section 8, Appendix D for availability of various package types. 
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PESLOHPZWIN/PESLOHPSWIN/EESLOHPZWIN/E€SLOHPSWA 


MM54HCT540/MM74HCT540/MM54HCT541/MM74HCT541 





National | 
Semiconductor 


MM54HCT540/MM74HCT540 


inverting Octal TRI-STATE® Buffer 


MM54HCT541/MM74HCT541 


Octal TRI-STATE Buffer 


General Description 


These TRI-STATE buffers utilize advanced silicon-gate 
CMOS technology and are general purpose high speed in- 
verting and non-inverting buffers. They possess high drive 
current outputs which enable high speed operation even 
when driving large bus capacitances. These circuits achieve 
speeds comparable to low power Schottky devices, while 
retaining the low power consumption of CMOS. Both devic- 
es are TTL input compatible and have a fanout of 15 LS- 
TTL equivalent inputs. 

MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

The MM54HCT540/MM74HCTS540 is an inverting buffer 
and the MM54HCT541/MM74HCT541 is a non-inverting 
buffer. The TRI-STATE control gate operates as a two-input 


Connection Diagrams 


NOR such that if either GT or G2 are high, all eight outputs 
are in the high-impedance state. 

In order to enhance PC board layout, the 'HCT540 and 
*HCT541 offers a pinout having inputs and outputs on oppo- 
site sides of the package. All inputs are protected from dam- 
age due to static discharge by diodes to Vcc and ground. 


Features 

a TTL input compatible 

a Typical propagation delay: 12 ns 

gm TRI-STATE outputs for connection to system buses 
m Low quiescent current: 80 pA 

m Output current: 6 mA (min.) 


Dual-In-Line Package 


Real ledis alpie) 
AARAKKIAK 


62 


20 
O 


O 
1 





AS AG A7 AB GND 
TL/F/6040~1 


Top View 


AZ AZ AAAS GCA?“ isABSsCGND 
TL/F/6040-2 
Top View 


Order Number MM54HCT540* or MM74HCT540* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 4 2) Operating Conditions 


If Military/Aerospace specified devices are required, Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vin. Vout) 
DC Input Voltage (Vin) —1.5 to Voc t+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Veg + 0.5V MM74HCT —40 
Clamp Diode Current (Ink, lox) +20 mA MMote ~88 
DC Output Current, per pin (lout) +35 mA ae : : ise.or Fall Times 
DC Voc or GND Current, per pin (I¢c) +70 mA (tt) 
Storage Temperature Range (TstaG) —65°C to + 150°C 
Power Dissipation (Pp) 
(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temp. (TL) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics voc=5v +10% (unless otherwise specified) 


Parameter Conditions a Ta=—40 to 85°C | Ta=—55 to 125°C | Units 


| Typ | Guaranteed Limits 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin=Vin or Vic 

Output Voltage llout| =20 pA 
llout| =6.0 mA, Voc=4.5V 
lloytl =7.2 mA, Voc =5.5V 


Maximum Low Level | Vin=Viq or ViL 

Voltage llour| =20 pA ; 
lloyutl =6.0 mA, Voc =4.5V | 0. 0.26 
lout] =7.2 mA, Voc =5.5V | 0.2 0.26 


Maximum Input Vin= Voc or GND +0.1 +1.0 
Current 

Maximum TRI-STATE | Vout=Vcc or GND 0.5 5.0 

Output Leakage G= 

Current 

Maximum Quiescent | Vin=Vcc or GND 

Supply Current louT=0 pA 


Vin=2.4V or 0.5V (Note 4) fos} 10 | 13 | 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per input. All other inputs at Voc or GND. 





AC Electrical Characteristics musaHcts4o/mm74HcT540 
Voc=5.0V, tp-=ts=6 ns, Ta =25°C, (unless otherwise specified) 


Guaranteed 
tpHL, tPLH Maximum Output C.=45 pF 12 
Propagation Delay 


tpz, tpzH Maximum Output = 45 pF 14 
Enable Time Ae 1ko 

tpLz, tpHz Maximum Output CL=5 pF 13 
Disable Time RL=1ko 
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LPSLOHPZWIN/LPSLOHPSWA/0PSLOHPZINW/OPSLOHPSAIN 





MM54HCT540/MM74HCT540/MM54HCT541/MM74HCT541 





AC Electrical Characteristics musaycts40/mmM74HCT540 
Voc=5.0V +10%, t-=t;=6 ns (unless otherwise specified) 


Parameter Ta= —40 to 85°C | Ta= —55 to 125°C | Units 
fostsopr [20 [40 [30 


tpHz, tpLz | Maximum Output RL=1koa 15 
Disable Time C_=50 pF 
true trLH | Maximum Output C_=50 pF 18 
Rise and Fall Time 
Maximum Input 10 
Capacitance 
Maximum Output 20 20 
Capacitance 
| Power Dissipation (per output) Sy Vcc 12 
Capacitance (Note 5) =GND 50 


AC Electrical Characteristics mms4aycts41/mm74HcTs41 
Voc =5.0V, tp=tt=6 ns, Ta= 25°C, (unless otherwise specified) 


sont [reo | conte | or | SRS [ 
tpHL tpLH Maximum Output C_=45 pF 13 
Propagation Delay 
‘ tpz., tpzH Maximum Output C_= 45 pF Ve 
Enable Time RL=1ko 


tpiz, tpHz Maximum Output CL=5pF 
Disable Time RLp=1k0 


AC Electrical Characteristics mussHots41/mM74HcTS41 
Voc=5.0V +10%, t-=ts=6 ns (unless otherwise specified) 


Parameter Ta= —40 to 85°C | Ta=—55 to 125°C | Units 
TSS 
roy=tconF| ee [ao | 50 


tpyz, tpLz | Maximum Output RL=1 ko 17 
Disable Time Cy =50 pF 


troy ttLH | Maximum Output CL=50 pF 
Rise and Fall Time 
Maximum Input 
Capacitance 
Maximum Output 15 
Capacitance 
Power Dissipation (per output) G=Vcc 12 
Capacitance (Note 5) G=GND 45 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+ Icc Voc.and the no load dynamic current consumption, Is =Cpp Vcc f+ Icc. 


ny 
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National — 
Semiconductor 


MM54HCT640/MM74HCT640 


Inverting Octal TRI-STATE® Transceiver 


MM54HCT643/MM74HCT643 


True-Inverting Octal TRI-STATE Transceiver 


General Description 


These TRI-STATE bi-directional transceivers utilize advanced 
silicon-gate CMOS technology and are intended for two-way 
asynchronous communication between data buses. They 
have high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits possess the low power consumption of CMOS cir- 
cuitry, yet have speeds comparable to low power Schottky 
TTL circuits. 


All devices are TTL input compatible and can drive up to 15 
LS-TTL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vcc and ground. 

Both the MM54HCT640/MM74HCT640 and the 
MM54HCT643/ MM74HCT643 have one active low enable 
input (G), and a direction control (DIR). When the DIR input 
is high, data flows from the A inputs to the B outputs. When 
DIR is low, data flows from B to A. The MM54HCT640/ 


Connection Diagram 


MM74HCT640 transfers inverted data from one bus to the 
other. The MM54HCT643/MM74HCT643 transfers inverted 
data from the A bus to the B bus and non- rinverted data from 
the B bus to the A bus. 
MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 
Features 
m@ TTL input compatible 
g Octal TRI-STATE outputs for »P bus applications: 

6 mA, typical 
m High speed: 16 ns typical propagation delay 
mw Low power: 80 »A maximum (74HCT) 


Dual-iIn-Line Packages 


ENABLE 
Yoo =G B1 B2 B3 84 BS B6 OB? 


A2 A3 A4 AS 
TL/F/5370-1 
Top View 
Order Number MM54HCT640* or MM74HCT640* 


ENABLE 


Al A2 AZ Ad AS A6 
TL/F/5370-2 
Top View 
Order Number MM54HCT643* or MM74HCT643* 


*Please look into Section 8, Appendix D for availability of various package types. 


outro! Operation 
Inputs 


Gon] 6 | ots 


Truth Table 


B data to A bus | B data to A bus 


[Hx | 


A data to B bus | A data to B bus 





H=high level, L= low level, X=irrelevant 
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-MM54HCT640/MM74HCT640/MM54HCT643/MM74HCT643 




















Absolute Maximum Ratings (notes 1 4 2) Operating Conditions 


If Military/Aerospace specified devices are required, ' Min Max Units 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 5.5 Vv 
Distributors for availability and specifications. DC Input or Output Voltage 0 Voc Vv 
Supply Voltage (Vcc) —0.5 to +7.0V (Vin, Vout) 
DC Input Voltage (Vij) —1.5 to Voc t+ 1.5V Operating Temp. Range (Ta) 
DC Output Voltage (Vout) —0.5 to Voc + 0.5V _ MM74HCT —40 +85 °C 
Clamp Diode Current (IiK, lox) +20 mA MMBSHET =08 mae8 "G 
DC Output Current, per pin (Ioyt) +35 mA Anput ae or Fall Times 500 
DC Vcc or GND Current, per pin (icc) +70 mA (te ti) . 
Storage Temperature Range (Tstq) —65°C to + 150°C 
Power Dissipation (Pp) 

(Note 3) 600 mW 

S.O. Package only 500 mW 
Lead Temperature (T,) 

(Soldering 10 seconds) 260°C 


DC Electrical Characteristics voc=5v +10% (unless otherwise specified) 


T,.=25°C 74HCT 54HCT 
Conditions . Ta= —40 to 85°C | Ta=—55 to 125°C | units 
Typ Guaranteed Limits 
Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vin=Vixy or Vit 
llout|=20 pA Voc | Voc-0.1 
lloytl =6.0mA, Voc=4.5V | 4.2 . 
lloutl =7.2MA, Vec=5.5V | 5.2 ; 


Output Voltage 

Maximum Low Level {| Vig=Viy or Vii 
Voltage llouTl=20 pA 
lloutl =6.0mA, Voc = 4.5V 
llout|=7.2mA, Veco =5.5V 0 


: 4 
Maximum Input Vin= Vcc or GND, £0.1 © +1.0 +1.0 
Current Vin OF Vir 
Maximum TRI-STATE | Vout=Vcc or GND +0.5 +5.0 +10 
Output Leakage Enable G= Vin 
Current 
Maximum Quiescent | Vin=Vccor GND 
Supply Current louT=OpA 
Vin=2.4V or 0.5V 
(Note 4) 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: — 12 mW/°C from 65°C to 85°C; ceramic “J” package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per input. All other inputs held at Voc or ground. 


AC Electrical Characteristics musaycte40/mu74HcT640 
Voc= 5.0V, tp=tf=6 ns, Ta = 25°C (unless otherwise specified) 


Guaranteed 
tepHL tepLH Maximum Output C._=45 pF 16 
Propagation Delay 
tezL, tpzH Maximum Output Ci =45 pF 
Enable Time RL=1ka 
tpLz, tpHz Maximum Output CL=5 pF 
Disable Time Rp =1ka 
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AC Electrical Characteristics musaucte4o/mm74HcT640 
Voc=5.0V + 10%, t-=t#=6 ns (unless otherwise specified) 


aiacghn 74HCT 54HCT 
Parameter Conditions A~ Ta=—40 to 85°C | Ta= —55 to 125°C | Units 
Guaranteed Limits 


rau ton | Maximum Oupat |". =B0pF Ee a 
Pomaionbay [GLa pe Oe 


tpzH, tpzL | Maximum Output RL=1ka C.=50 pF 
Enable Time 
tpHz, tpLz | Maximum Output RL=1ka 30 
Disable Time C_L=50 pF 
tTHL trLH_ | Maximum Output C_L=50 pF 12 
Rise and Fall Time 
Maximum Input ent) 
Capacitance 
Maximum Output/ 25 
Input Capacitance 
Power Dissipation (per output) G=Vcc 7 
Capacitance (Note 5) G=GND 100 


AC Electrical Characteristics mussHct643/mM74HCT643 
Voc=5.0V, t-=tp=6 ns, Ta=25°C (unless otherwise specified) 


[simu reamner | conte | vr [ Sas [| 
tpHL tpLH Maximum Output CL=45 pF 16 
Propagation Delay 
tpz, tpzH Maximum Output = 45 pF 
Enable Time ae 1ka 


EV9LOHPZINW/EP9LOHPSWW/0P9LOHPZWA/0P9LOHPSWN 


tpLz, tpyz Maximum Output C_=5 pF 
Disable Time RL=1 ko 


AC Electrical Characteristics musaHct643/mM74HCT643 
Voc=5.0V + 10%, t-=ts=6 ns (unless otherwise specified) 


Ta=25°C 74HCT 54HCT 
Parameter Conditions A Ta=—40 to 85°C | Ta=-—55 to 125°C | Units 


Guaranteed Limits 
tus | Maximum Oupat | G.= 809 pute fe Te 
Propagation Delay = 150 pF | 24 { 30 | 38 | 


tpzH, tpz_ | Maximum Output = kQ C= 50 pF 30 
Enable Time 

tpHz, tp_z | Maximum Output Ry=1 ko 21 30 
Disable Time C,=50 pF 


tri ttLH | Maximum Output CL =50 pF 12 
Rise and Fall Time 
Maximum Input 10 15 15 ‘ig 15 
Capacitance 
Maximum Output/ 
Input Capacitance 
Power Dissipation (per output) G=Voc 7 
Capacitance (Note 5) G=GND 100 


Note 5: Cpp determines the no load power consumption. Pp =CppVcc2f +IlccVcc. The no load dynamic current consumption, Is =CppVcc +Icc. 
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MM54HCT688/MM74HCT688 


National — 
Semiconductor 


MM54HCT688/MM74HCT688 
8-Bit Magnitude Comparator (Equality Detector) 


General Description 


This equality detector utilizes advanced silicon-gate CMOS 
technology to compare bit for bit two 8-bit words and indi- 
cate whether or not they are equal. The P=Q output indi- 
cates equality when it is low. A single active low enable is 
provided to facilitate cascading of several packages and en- 
able comparison of words greater than 8 bits. 

This device is useful in memory block decoding applica- 
tions, where memory block enable signals must be generat- 
ed from computer address information. 

The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TTL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 


Logic Diagrams 
7 (17) 
o7 yD 
(18) 


P6 ie 


os ——Wy_D 


6 
(16) 


PS ty) 


5 
(14) 


4 (11); 


Q4 
(12) 


P3 e 


Q 
sa) 


MM54HCT/MM74HCT devices are intended to interface be- 
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS- 
TTL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis- 
charge by diodes to Vcc and ground. 


Features 

@ TTL input compatible 

& Typical propagation delay: 20 ns 

m Low quiescent current: 80 nA maximum (74HCT Series) 
m Large output current: 4 mA 

@ Same as HCT521 


TL/F/5371-2 
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Absolute Maximum Ratings (notes 1 & 2) Operating Conditions 


If Military/Aerospace specified devices are required, . Min 
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc) 4.5 
Distributors for availability and specifications. ; DC Input or Output Voltage 0 


Supply Voltage (Vcc) —0.5 to +7.0V (Vins Vout) 

DC Input Voltage (Vin) —1.5 to Voct+ 1.5V Operating Temp. Range (Ta) 

DC Output Voltage (Vout) —0.5 to Vog + 0.5V _ MM74HCT688 —40 
Clamp Diode Current (lik, lox) +20 mA MMS tiereee =89 
DC Output Current, per pin (lout) +25mA aL eg Rise or-Fall Times 

DC Vcc or GND Current, per pin (Icc) +50 mA (tr tt) 

Storage Temperature Range (Tstq) —65°C to + 150°C 

Power Dissipation (Pp) 


(Note 3) 600 mW 
S.O. Package only 500 mW 


Lead Temperature (T;) 
(Soldering 10 seconds) 260°C 


DC Electrical Characteristics (voc=5v +10% unless otherwise specified) 


ae 74HCT S4HCT 
Parameter Conditions a Ta=—40 to 85°C | Ta= —55 to 125°C | Units 


| Typ | Guaranteed Limits 


Minimum High Level 
Input Voltage 
Maximum Low Level 
Input Voltage 


Minimum High Level | Vij, =0.8V or 2.0V 
Output Voltage lloutl=20 pA Voc | Vec—9.1 
llout| =4.0 mA, Voc =4.5V | 4.2 


llout| =4.8 mA, Vec=5.5V | 5.7 


Maximum Low Level | Vij =V0.8V or 2.0V 
Voltage llout| =20 pA 
\loutl =4.0 mA, Vec= 4.5V 
llout| =4.8 mA, Voc =5.5V 


Maximum Input Vin = Voc or GND +0.1 £1.0 
Current 
Maximum Quiescent | Vin=Vcc or GND 
Supply Current lout=0 pA 
[vn=24vorosvinotes | | 03 | 04 | os 


Note 1; Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic ‘‘N” package: — 12 mW/°C from 65°C to 85°C; ceramic "J" package: — 12 mW/°C from 100°C to 125°C. 
Note 4: Measured per pin. All other inputs held at Voc or ground. 
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MM54HCT688/MM74HCT688 


AC Electrical Characteristics 
Vcc = 5V, Ta = 25°C, CL = 15 pF, te = te = Ens (unless otherwise specified) 


Parameter Conditions Typ Suarenterd 
Limit 

tpHL Maximum Propagation 

Delay - P or Q to Output - 
teLH Maximum Propagation 

Delay - P or Q to Output 
tPHL Maximum Propagation 

Delay - Enable to Output 
tpHL Maximum Propagation 

Delay - Enable to Output 


AC Electrical Characteristics 
Voc = 5V +10%, C, = 50 pF, t, = ts = 6 ns (unless otherwise specified) 


ace 74HCT 54HCT 
Parameter Conditions|. 8 Ta=—40to 85°C | Ta=—55 to 125°C 


| Typ | Guaranteed Limits 
Maximum Propagation 44 
Delay - P or Q to Output 
Maximum Propagation 24 
Delay - P or Q to Output 
Maximum Propagation 16 24 
Delay - Enable to Output 


Maximum Propagation 
Delay - Enable to Output 
tTHL tTLH Maximum Output Rise 15 
and Fall Time 
Power Dissipation 
Capacitance (Note 5) 
Maximum Input 
Capacitance 


Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc? f + Icc Vcc, and the no load dynamic current consumption, 
Ig = Cpp Vcc + Icc. 


Connection Diagram | Truth Table 


Dual-In-Line Package 
Voc P=Q Q7 7 Q6 P6 Qs 





TL/F/5371-1 
Top View 


Order Number MM54HCT688* or MM74HCT688* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Section 5 
CD4XXX 





Section 5 Contents 


CD4000M/CD4000C Dual 3-Input NOR Gate Plus Inverter 

CD4001M/CD4001C Quad 2-Input NOR Gate 

CD4011M/CD4011C Quad 2-Input NAND Gate 

CD4001BM/CD4001BC Quad 2-Input NOR Buffered B Series Gate 

CD4011BM/CD4011BC Quad 2-Input NAND Gate 

CD4002M/CD4002C Dual 4-Input NOR Gate 

CD4012M/CD4012C Dual 4-Input NAND Gate 

CD4002BM/CD4002BC Dual 4-Input Buffered NOR Gate 

CD4012BM/CD4012BC Dual 4-Input Buffered NAND Gate 

CD4006BM/CD4006BC 18-Stage Static Shift Register 

CD4007M/CD4007C Dual Complementary Pair Plus Inverter 

CD4008BM/CD4008BC 4-Bit Full Adder 

CD4009M/CD4009C Hex Buffer (Inverting) 

CD4010M/CD4010C Hex Buffer (Non-Inverting) 

CD4013BM/CD4013BC Dual D Flip-Flop 

CD4014BM/CD4014BC 8-Stage Static Shift Register 

CD4015BM/CD4015BC Dual 4-Bit Static Shift Register 

CD4016BM/CD4016BC Quad Bilateral Switch 

CD4017BM/CD4017BC Decade Counter/ Divider with 10 Decoded Outputs 

CD4022BM/CD4022BC Divide-by-8 Counter/Divider with 8 Decoded Outputs 

CD4018BM/CD4018BC Presettable Divide-by-N Counter 

CD4019BM/CD4019BC Quad AND-OR Select Gate 

CD4020BM/CD4020BC 14-Stage Ripple-Carry Binary Counter/Divider 

CD4040BM/CD4040BC 12-Stage Ripple-Carry Binary Counter/Divider 

CD4060BM/CD4060BC 14-Stage Ripple-Carry Binary Counter/Divider 

CD4021BM/CD4021BC 8-Stage Static Shift Register 

CD4023M/CD4023C Triple 3-Input NOR Gate 

CD4025M/CD4025C Triple 3-Input NAND Gate 

CD4023BM/CD4023BC Triple 3-Input Buffered NAND Gate 

CD4025BM/CD4025BC Triple 3-input Buffered NOR Gate 

CD4024BM/CD4024BC 7-Stage Ripple-Carry Binary Counter/Divider 

CD4027BM/CD4027BC Dual J-K Master/Slave Flip-Flop with Set and Reset 

CD4028BM/CD4028BC BCD-to-Decimal Decoder 

CD4029BM/CD4029BC Presettable Binary/Decade Up/Down Counter 

CD4030M/CD4030C Quad Exclusive-OR Gate 

CD4031BM/CD4031BC 64-Stage Static Shift Register 

CD4034BM/CD4034BC 8-Stage TRI-STATE Bidirectional Parallel/Serial Input/Output Bus 
Register 

CD4035BM/CD4035BC 4-Bit Parallel-In/Parallel-Out Shift Register 

CD4041UB/CD4041UBC Quad True/Complement Buffer 

CD4042BM/CD4042BC Quad Clocked D Latch 

CD4043BM/CD4043BC TRI-STATE NOR R/S Latches 

CD4044BM/CD4044BC TRI-STATE NAND R/S Latches 

CD4046BM/CD4046BC Micropower Phase-Locked Loop 

CD4047BM/CD4047BC Low Power Monostable/Astable Multivibrator 

CD4048BM/CD4048BC TRI-STATE Expandable 8-Function 8-Input Gate 

CD4049UBM/CD4049UBC Hex Inverting Buffer 

CD4050BM/CD4050BC Hex Non-Inverting Buffer 





Section 5 Contents (Continued) 


CD4051BM/CD4051BC Single 8-Channel Analog Multiplexers/Demultiplexers 
CD4052BM/CD4052BC Dual 4-Channel Analog Multiplexers/Demultiplexers 
CD4053BM/CD4053BC Triple 2-Channel Analog Multiplexers/Demultiplexers 
CD4066BM/CD4066BC Quad Bilateral Switch 

CD4069UBM/CD4069UBC Inverter Circuits 

CD4070BM/CD4070BC Quad 2-Input Exclusive-OR Gate 
CD4071BM/CD4071BC Quad 2-Input OR Buffered B Series Gate 
CD4081BM/CD4081BC Quad 2-Input AND Buffered B Series Gate 
CD4072BM/CD4072BC Dual 4-Input OR Buffered B Series Gate 
CD4082BM/CD4082BC Dual 4-Input AND Buffered B Series Gate 
CD4073BM/CD4073BC Double Buffered Triple 3-Input AND Gate 
CD4075BM/CD4075BC Double Buffered Triple 3-Input OR Gate 
CD4076BM/CD4076BC TRI-STATE Quad D Flip-Flop 
CD4089BM/CD4089BC Binary Rate Multiplier 

CD4527BM/CD4527BC BCD Rate Multiplier 

CD4093BM/CD4093BC Quad 2-Input NAND Schmitt Trigger 
CD4094BM/CD4094BC 8-Bit Shift Register/Latch with TRISTATE Outputs 
CD4099BM/CD4099BC 8-Bit Addressable Latches 
CD40106BM/CD40106BC Hex Schmitt Trigger 

CD40160BM/CD40160BC Decade Counter with Asynchronous Clear 
CD40161BM/CD40161BC Binary Counter with Asynchronous Clear 
CD40162BM/CD40162BC Decade Counter with Synchronous Clear 
CD40163BM/CD40163BC Binary Counter with Synchronous Clear 
CD40174BM/CD40174BC Hex D Flip-Flop 

CD40175BM/CD40175BC Quad D Flip-Flop 

CD40192BM/CD40192BC Synchronous 4-Bit Up/Down Decade Counter 
CD40193BM/CD40193BC Synchronous 4-Bit Up/Down Binary Counter 
CD4503BM/CD4503BC Hex Non-Inverting TRI-STATE Buffer 
CD4510BM/CD4510BC BCD Up/Down Counter 

CD4516BM/CD4516BC Binary Up/Down Counter 

CD4511BM/CD4511BC BCD-to-7-Segment Latch Decoder/Driver 
CD4512BM/CD4512BC 8-Channel Buffered Data Selector 
CD4514BM/CD4514BC 4-Bit Latched 4-to-16 Line Decoders 
CD4515BM/CD4515BC 4-Bit Latched 4-to-16 Line Decoders 
CD4518BM/CD4518BC Dual Synchronous Up Counter 
CD4520BM/CD4520BC Dual Synchronous Up Counter 
CD4519BM/CD4519BC 4-Bit AND/OR Selector 

CD4522BM/CD4522BC Programmable Divide-by-N 4-Bit Binary Counter 
CD4526BM/CD4526BC Programmable Divide-by-N 4-Bit Binary Counter 
CD4528BM/CD4528BC Dual Monostable Multivibrator 
CD4529BM/CD4529BC Dual 4-Channel or Single 8-Channel Analog Data Selector 
CD4538BM/CD4538BC Dual Monostable Multivibrator 
CD4541BM/CD4541BC Programmable Timer with Oscillator 
CD4543BM/CD4543BC BCD-to-7-Segment Latch/Decoder/Driver for Liquid Crystal Displays 5-317 
CD4584BM/CD4584BC Hex Schmitt Trigger (See CD40106 data sheet) 
CD4723BM/CD4723BC Dual 4-Bit Addressable Latch 
CD4724BM/CD4724BC 8-Bit Addressable Latch 





National - 
Semiconductor 


CD4000M/CD4000C Dual 3-Input NOR Gate Plus Inverter 


General Description Features 


The CD4000M/CD4000C is a monolithic complementary ™ Wide supply voltage range 3.0V to 15V 
MOS (CMOS) dual 2-input NOR gate plus an inverter. N- = Low power 10 nW (typ.) 
and P-channel enhancement mode transistors provide a = High noise immunity 0.45 Vop (typ.) 
symmetrical circuit with output swings essentially equal to 

the supply voltage. This results in high noise immunity over 

a wide supply voltage range. No DC power other than that 

caused by leakage current is consumed during static condi- 

tions. All inputs are protected against static discharge. 
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Schematic and Connection Diagrams 


ib 28 
NC NC 


TL/F/5937-1 


Dual-In-Line Package 


Order Number CD4000* 


*Please look into Section 8, Appendix D 
for availability of various package types. 





Top View 





CD4000M/CD4000C 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage at any Pin Vss —0.3V to Vpp +0.3V 
Operating Temperature Range (Ta) 
CD4000M 
CD4000C 


—55°C to + 125°C 
—40°C to +85°C 


Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Operating Vpp Range 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


Vsg +3V to Vgg + 15V 


260°C 


DC Electrical Characteristics cp4000m (Note 2) 


Parameter 


Quiescent Device 
Current 


Vop = 5V 
Vpop = 10V 
Vop = 5V 
Vpp = 10V 


Low Level 
Output Voltage 


High Level Vop = 5V 
Output Voltage Vop = 10V 


Vpp = 5V, Vo = 1.4V or 3.6V 
Vpp = 10V, Vo = 2.8V or 7.2V 


Noise Immunity 
(Note 3) 


Noise Immunity Vop = 5V, Vo = 1.4V or 3.6V 
(Note 3) Vop = 10V, Vo = 2.8V or 7.2V 


Low Level Output {| Vpp = 5V, Vo = 0.4V 
Current (Note 4) Vpp = 10V, Vo = 0.5V 
High Level Output | Vpp = 5V, Vo = 2.5V 
Current (Note 4) Vpp = 10V, Vo = 9.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 





Vpp = 5V 


Propagation Delay Time, = 
High to Low Level = 


Vpp = 10V 


Vpp = 5V 


Propagation Delay Time 
Low to High Level = 


Vpp = 10V 


Vop = 5V 


Transition Time, = 
High to Low Level = 


Vpp = 10V 


Vop = 5V 


Transition Time, 
Low to ame Level = 


Vpp = 10V 


| InputCapacitance = Capacitance 


Any Input 


Power Dissipation Capacitance | (Notes) | 


*AC Parameters are guaranteed by DC correlated testing. 





DC Electrical Characteristics cp4o00c (Note 2) 


ecanaitisns ee ee +85 


Quiescent Device | Vpp = 5V 
Current Vop = 10V 
Low Level Vpp = 5V 0.05 0.05 0.05 
Output Voltage Vpp = 10V 0.05 0.05 0.05 
High Level Vop = 5V 
Output Voltage Vop = 10V 
Noise Immunity Vop = 5V, Vo = 1.4V or 3.6V 
(Note 3) Vpp = 10V, Vo = 2.8V or 7.2V 
Noise Immunity Vop = 5V, Vo = 1.4V or 3.6V 
(Note 3) Vop = 10V, Vo = 2.8V or 7.2V 
Low Level Output | Vpp = 5V, Vo = 0.4V 
Current (Note 4) Vop = 10V, Vo = 0.5V 
High Level Output | Vop = 5V, Vo = 2.5V 
Current (Note 4) Vop = 10V, Vo = 9.5V 
Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Propagation Delay Time, Vop = 5V 
High to Low Level Vpp = 10V 
Propagation Delay Time Vop = 5V 
Low to High Level Vop = 10V 
Transition Time, 

High to Low Level 

Transition Time, 

Low to co el Level 


Input |_InputCapactance Any Input 


nee 
| FowerDissipation Capacitance | (Notes) | | as] 


“AC Parameters are quaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. ; 


Note 2: Vsg = OV unless otherwise specified. 

Note 3: For the NOR gates Vx and Vy. are tested at each input while all other inputs are at Vss. 

Note 4: Ipn and Ipp are tested one output at a time. 

Note 5: Cpp determines the no load AC power consumption of any CMOS device. For explanation see 54C/74C Family Characteristics Application Note, AN-90. 
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CD4001M/CD4001C/CD4011M/CD4011C 


National | 
Semiconductor 


CD4001M/CD4001C Quadruple 2-Input NOR Gate 
CD4011M/CD4011C Quadruple 2-Input NAND Gate 


General Description 


The CD4001M/CD4001C, CD4011M/CD4011C are mono- 
lithic complementary MOS (CMOS) quadruple two-input 
NOR and NAND gate integrated circuits. N- and P-channel 
enhancement mode transistors provide a symmetrical cir- 
cuit with output swings essentially equal to the supply volt- 


age. This results in high noise immunity over a wide supply — 


voltage range. No DC power other than that caused by leak- 
age current is consumed during static conditions. All inputs 
are protected against static discharge and latching condi- 
tions. ace 


Connection Diagrams 


_™ Wide supply voltage range 


Features 
3.0V to 15V 
10 nW (typ.) 
0.45 Vpp (typ.) 


w Low power 
g High noise immunity 


Dual-In-Line Package 


TL/F/5938-1 


Top View 
CD4011M/CD4011C 


Dual-In-Line Package 


TL/F/5938~2 


Top View 
CD4001M/CD4001C 


Order Number CD4001* or CD4011* 
*Please look into Section 8, Appendix D for availability of various package types. 





Absolute Maximum Ratings (note 1) | 

If Military/Aerospace specified devices are required, Storage Temperature Range — 65°C to + 150°C 

contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 

Distributors for avallabllity and specifications. Dual-In-Line 700 mW 

Voltage on any Pin Vss—0.3V to Vpp + 0.3V Small Outline 500 mW 

Operating Temperature Range Operating Vpp Range Vsst3.0V to Vsgt 15V 
CD4001M, CD4011M —55°C to + 125°C Lead Temp.(Soldering, 10 sec.) 260°C 
CD4001C, CD4011C — 40°C to + 85°C 


DC Electrical Characteristics cp4001m, cb4011m 


Parameter Conditions 


Quiescent Device Vop = 5.0V 

Current Vpp = 10V 

Quiescent Device Vop = 5.0V __|e 0.005 | 0.25 
Dissipation/Package | Vpp = 10V 1.0 0.01 | 1.0 

Output Voltage low | Vpp=5.0V, Vj=Vpp, lo=0A 0.05 0.05 0.05 
Level Vpp= 10V, Vi=Vpp, lp =0A 0.05 0.05 0.05 
Output Voltage High | Vpp=5.0V, Vj=Vss, Ip =0A 4.95 4.95 5.0 4.95 

Level Vpp= 10V, Vi=Vssg, lo=0A 9.95 9.95 10 9.95 

Noise Immunity Vpp = 5.0V, Vo =3.6V, Ip =0A 1.5 2.25 1.4 - 

(All Inputs) Vpp= 10V, Vo=7.2V, lo=0A 3.0 4.5 2.9 

Noise Immunity Vpp=5.0V, Vo=0.95V, Igo =0A | 1.4 2.25 1.5 

(All Inputs) Vpp= 10V, Vo=2.9V, Io =0A 2.9 4.5 3.0 


Output Drive Current | Vpp=5.0V, Vo=0.4V, Vi=Vpp 0.40 1.0 0.28 

N-Channel (4001) Vpp = 10V, Vo=0.5V, Vi=Vpp 0.9 2.5 0.65 

(Note 2) ; 

Output Drive Current | Vpp=5.0V, Vo=2.5V, Vi=Vss F : 

P-Channel (4001) Vpp = 10V, Vo =9.5V, Vi=Vss R i 

(Note 2) 

Output Drive Current | Vpp=5.0V, Vo=0.4V, Vi=Vpp 0.175 
N-Channel (4011) Vpp = 10V, Vo=0.5V, Vi=Vop 0.35 

(Note 2) 


Output Drive Current | Vpp=5.0V, Vo=2.5V, Vi=Vss 
P-Channel (4011) Vop= 10V, Vo=9.5V, Vi=Vss 
(Note 2) 


Jinputcurent | CTT Tt to || 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they ara not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: IpN and IpP are tested one output at a time. 
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CD4001M/CD4001C/CD4011M/CD4011C 


DC Electrical Characteristics cp4o01c, _________ 


Pmt 
Symbol) Parameter Conditions ere ae ET Units 


acd Sania Typ in| in [tw 
IL Quiescent Device Vpp = 5.0V 0.005 15 A 
Current Vop = 10V 0.005 30 A 
Pp Quiescent Device = = 5.0V 0.025 pw 
Dissipation/Package | Vpp = 10V 0.05 ao pw 
VoL Output Voltage low | Vpp=5.0V, Vi=Vpp, lo=0A 0.05 0.05 0.05 
Level Vop= 10V, Vi=Vpp, lp = 0A 0.05 0.05 0.05 
Vou Output Voltage High Vpp =5.0V, Vi=Vss, lo= 0A 4.95 4.95 4.95 
Level Vpp = 10V, V;=Vss, Io =0A 9.95 9.95 9.95 
VNL Noise Immunity Vpop =5.0V, Vo=3.6V, Io =0A 1.5 2.25 1.4 
(All Inputs) Vpp = 10V, Vo=7.2V, IQ =0A | 3.0 4.5 2.9 
VNH Noise Immunity Vpp = §.0V, Vo=0.95V, Ip = 0A 
(All Inputs) Vpp= 10V, Vo=2.9V, Ig=0A 


IDN Output Drive Current | Vpp=5.0V, Vo=0.4V, Vi=Vpp 35° 0.24 
N-Channel (4001) Vpp = 10V, Vo =0.5V, Vi=Vop : 0.48 
(Note 2) 


<<ij<<j<c<ci(<< 


IpP Output Drive Current | Vpp=5.0V, Vo=2.5V, Vi=Vss 
P-Channel (4001) Vop= 10V, Vo=9.5V, Vi=Vss 


(Note 2) 

IpN Output Drive Current | Vpp=5.0V, Vo=0.4V, Vj= 
N-Channel (4011) Vpp = 10V, Vo=0.5V, Vi=Vop 
(Note 2) 


Output Drive Current | Vpp = 5.0V, Vo=2.5V, V|=Vss 
P-Channel (4011) Vop= 10V, Vo = 9.5V, Vi=Vss 
(Note 2) 


finputcurent | CT Ct | TT es 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 





Note 2: IpN and IpP are tested one output at a time. 





AC Electrical Characteristics* 1, = 25°c, c, = 15 pF, and input rise and fall times = 20 ns. 
Typical temperature coefficient for all values of Vpp = 0.3%/°C 


Symbol Conditions| min | Typ | Max | Units 


CD4001M 


Propagation Delay Time High to Low Level Vop = 5.0V 
Vop = 10V 
Propagation Delay Time Low to High Level Vop = 5.0V 
Vpop = 10V 
Transition Time High to Low Level Vpp = 5.0V 125 
Vop = 10V 70 
Transition Time Low to High Level Vop = 5.0V 65 175 
Vop = 10V 35 75 


Input Capacitance Any Input | [50 | 


CD4001C 


Propagation Delay Time High to Low Level Vop = 5.0V 
Vop = 10V 


Propagation Delay Time Low to High Level Vop = 5.0V 
Vop = 10V 


Transition Time High to Low Level Vpp = 5.0V 
Vop = 10V. 
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Transition Time Low to High Level Vop = 5.0V 
Vop = 10V 


| InputCapacitance | Anyinput =| | co | 


CD4011M 


Propagation Delay Time High to Low Level Vop = 5.0V 
Vop = 10V 


Propagation Delay Time Low to High Level Vop = 5.0V 
Vop = 10V 


Transition Time High to Low Level Vop = 5.0V 75 125 
Vpp = 10V 50 75 
Transition Time Low to High Level Vpp = 5.0V 75 100 
Vop = 10V 40 60 


|_InputCapacitance | Anyinput, =| | 0 | 


CD4011C 


Propagation Delay Time High to Low Level Vop = 5.0V 
Vpp = 10V 
Propagation Delay Time Low to High Level Vop = 5.0V 
Vop = 10V 
Transition Time High to Low Level Vop = 5.0V 75 - 150 
Vpp = 10V 50 100 
Transition Time Low to High Level Vpp = 5.0V 75 125 
Vop = 10V 40 ae 


| inputCapacitance = as Capacitance Any Input aE 


*AC Parameters are guaranteed by DC correlated testing. 





CD4001BM/CD4001BC/CD4011BM/CD4011BC 


National - 
Semiconductor - 


CD4001BM/CD4001BC Quad 2-Input 


NOR Buffered B Series Gate 


CD4011BM/CD4011BC Quad 2-Input © 


NAND Buffered B Series Gate 


General Description 


These quad gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan- 
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se- 
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. 


All inputs are protected against static discharge with diodes . 


to Vpp and Vgs. 


Schematic Diagrams 


1(5,8, 12) 


2 (6, 9, 13) 


TL/F/5939-1 


2(6, 9, 13) 
TL/F/5939-5 


Features 
m Low power TTL 
compatibility 
m 5V-10V-15V parametric ratings 
mw Symmetrical output characteristics 
w Maximum input leakage 1 »A at 15V over full tempera- 
ture range 


Fan out of 2 driving 74L 
or 1 driving 74LS 


CD4001BC/BM 
Vop 


Y, of device shown 


J=AFB 
Logical “1” = High 
Logical ‘0” = Low 


_Vss 
TL/F/5939~2 


*All inputs protected by standard 
CMOS protection circuit. 


CD4011BC/BM 
Vop 


, Y, of device shown 
J=AeB 
Logical “1” = High 
Logical 0” = Low 


Vss 
TL/F/5939-6 


*All inputs protected by standard 
CMOS protection circuit. 





Absolute Maximum Ratings (notes and2) Operating Conditions 
If Military/Aerospace specified devices are required, Operating Range (Vpp) 3Vpc to 15 Voc 
contact the National Semiconductor Sales Office/ Operating Temperature Range 
Distributors for availability and specifications. CD4001BM, CD4011BM —55°C to +125°C 
Voltage at any Pin —0.5V to Vpp +0.5V CD40018C, CD4011BC — 40°C to + 85°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mW 

Small Outline : 500 mW 
Vpp Range -0.5Vpc to +18 Voc 
Storage Temperature (Ts) —65°C to + 150°C 
Lead Temperature (T,) 

(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp40018m, cD4011BM (Note 2) 


eae [sec | +26  ~(| +i25¢ | 
a [ae [ee 


Quiescent Device | Vpp = 5V, Vin = VpporVss 0.004 { 0.25 
Current Vpp = 10V, Vin = Vpp or Vss : 0.005 {| 0.50 
Vop = 15V, Vin = Vpp or Vss : : 1.0 
Low Level . Vpp = 5V : 0.05 
Output Voltage Vop = 10V ¢ lol <1 pA i 0.05 
Vop = 15V 
High Level Vop = 5V 
Output Voltage Vop = 10V ¢ lol <1 pA 
Vpp = 15V 
Low Level Vop = 5V, Vo = 4.5V 
input Voltage Vpp = 10V, Vo = 9.0V 
Vop = 15V, Vo = 13.5V 


High Level Vop = 5V, Vo = 0.5V 


Input Voltage Vop = 10V, Vo = 1.0V 
Vpp = 15V, Vo = 1.5V 
Low Level Output | Vpp = 5V, Vo = 0.4V 
Current Vop = 10V, Vo = 0.5V 
(Note 3) Vop = 15V, Vo = 1.5V 
High Level Output | Vpp = 5V, Vo = 4.6V 
Current Vop = 10V, Vo = 9.5V 
(Note 3) Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 
Connection Diagrams 


CD4001BC/CD4001BM CD4011BC/CD4011BM 
Dual-In-Line Package Dual-In-Line Package 





TL/F/5939-4 | 
Top View 


TL/F/5939-3 Order Number CD4001B* or CD4011B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 





5-11 


081 10709/NE110P09/D8t00rd0/WEl00rdd 


CD4001BM/CD4001BC/CD4011BM/CD4011BC 


DC Electrical Characteristics cp40018¢, cp4011B¢ (Note 2) 


Conditions | nae | tac | tre 
| min | Max | min | Typ | Max | Min | Max_ 


Quiescent Device | Vpp = 5V, Vin = VpporVss 0.004 1 7.5 
Current Vpp = 10V, Vin = Vop or Vss 0.005 2 15 
Vop = 15V, Vin = Vpp or Vss 0.006 4 30 


Low Level Vpp = 5V A 0.05 
Output Voltage | Vpp = 10V ¢ |iol <1 pA ; 0.05 0.05 
Vop = 15V : 0.05 


High Level Vpp = 5V 4.95 

Output Voltage |} Vop = 10V 7 lol <1 pA 9.95 
Vpp = 15V 

Low Level Vop = 5V, Vo = 4.5V : 1.5 


Input Voltage Vop = 10V, Vo = 9.0V : 3.0 
Vop = 15V, Vo = 13.5V 


: 4.0 
High Level Vop = 5V, Vo = 0.5V . . 
Input Voltage Vpp = 10V, Vo = 1.0V : 0. 
Vpp = 15V, Vo = 1.5V ‘ 
Low Level Output | Vpp = 5V, Vo = 0.4V : : 

Current Vpp = 10V, Vo = 0.5V : : 

(Note 3) Vpp = 15V, Vo = 1.5V 

High Level Output | Vpp = 5V, Vo = 4.6V 

Current Vpp = 10V, Vo = 9.5V -1.3 


(Note 3) Vop = 15V, Vo = 13.5V -3.6 —2.4 - 
Input Current Vop = 15V, Vin = OV —0.30 —10-5] —0.30 -1.0 
Vop = 15V, Vin = 15V 0.30 10-5 0.30 1.0 


AC Electrical Characteristics* cp001Bc, cb40018M 
Ta = 25°C, Input t,; tp = 20 ns. C_ = 50 pF, Rp = 200k. Typical temperature coefficient is 0.3%/°C. 


Conaitions | __ typ | Max 


Propagation Delay Time, 250 

High-to-Low Level 100 

70 

Propagation Delay Time, : 250 

Low-to-High Level 100 

70 
trHL: tTLH Transition Time 90 200 
50 100 

40 80 


Average Input Capacitance Any Input ie ee ee ee 
Power Dissipation Capacity Any Gate ee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: All voltages measured with respect to Vss unless otherwise specified. 
Note 3: lo, and lox are tested one output at a time. 








AC Electrical Characteristics* cp401158¢, cb40118m 
Ta = 25°C, Input te; ts = 20 ns. CL = 50 pF, Ry = 200k. Typical Temperature Coefficient is 0.3%/°C. 


Conditions | Typ | Max _ 


Propagation Delay, 
High-to-Law Level 


Propagation Delay, 
Low-to-High Level 


tTHL tTLH Transition Time 


Average Input Capacitance Any Input ies a 
Power Dissipation apaciy [| Aycae | 4 | _—t 


*AC Parameters are guaranteed by DC correlated testing. 


Typical Performance Characteristics 


Typical Typical Typical 
Transfer Characteristics Transfer Characteristics Transfer Characteristics 


040118 CD4001B 
rt = 25°C Ta = 25°C 


4, = = 
= = = 
ua WwW kad 
= = = 
=! = = 
ao oO So 
> > > 
ond ad 
5 5 = 
5 5 = 
oO oO oO 
‘ t i} 
oS 
2° > > 





V,~ INPUT VOLTAGE (V) V\~ INPUT VOLTAGE (V) V, > INPUT VOLTAGE (V) 
ONE INPUT ONLY BOTH INPUTS ONE INPUT ONLY 


TL/F/5939-7 TL/F/5939-8 TL/F/5939-9 
Typical 
Transfer Characteristics 
€D4001B C04011B 
Ta=25°C 
Cv = 50 pF 


w 
r=} 
o 


Vo = OUTPUT VOLTAGE (vy) 
tpHL tpt — TYPICAL PROPAGATION 
DELAY TIME (ns) 

s 8 
o i—] 
te. tpLH — TYPICAL PROPAGATION 
DELAY TIME (ns) 


rie tPHL & teLy 


Vpp - SUPPLY VOLTAGE (V) Vpp — SUPPLY VOLTAGE (V) 
V7 INPUT VOLTAGE (V) 


BOTH INPUTS TL/F/5939-11 TL/F/5939~12 
TL/F/5939-10 FIGURE 5 FIGURE 6 
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CD4001BM/CD4001BC/CD4011BM/CD4011BC 


Typical Performance Characteristics (continued) 


i) 
s 


CD4001B 
Ty 25°C 


CD400118 
T= 25°C 


tou TYPICAL HIGH= TO = LOW LEVEL 
PROPAGATION DELAY TIME (ns) 

tp,y~ TYPICAL LOW- TO HIGH LEVEL 
PROPAGATION DELAY TIME (ns) 

toyp> TYPICAL HIGH ~ TO = LOW LEVEL 
PROPAGATION DELAY TIME (ns) 


C= LOAD CAPACITANCE (pF) (y= LOAD CAPACITANCE (pF) C,= LOAD CAPACITANCE (pF) 


TL/F/5939-13 TL/F/5939-14 TL/F/5939~15 
FIGURE 7 FIGURE 8 FIGURE 9 


(See Application Note AN=90 
Propagation Delay) 


tpn TYPICAL LOW = TO = HIGH LEVEL 
PROPAGATION DELAY TIME (ns) 
trav try TYPICAL TRANSITION TIME (ns) 


0 
0 2 4 6 8 10 12 14 16 18 20 


TL/E/5939-16 Vpp = POWER SUPPLY (V) 
TL/F/5939-17 FIGURE 12 


Atpy PER PF OF LOAD CAPACITANCE (ns/pF) 


_ C= LOAD CAPACITANCE (pF) 
r (,- LOAD CAPACITANCE (pF) 


FIGURE 10 TL/F/5939~18 


FIGURE 11 
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CD4001B 
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Voc = 10V 
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TL/F/5939-19 TL/F/5939-20 
FIGURE 13 FIGURE 14 
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lo. TYPICAL SINK CURRENT (mA) 





Igy = TYPICAL SOURCE CURRENT (mA) 





National | 
Semiconductor 


CD4002M/CD4002C Dual 4-Input NOR Gate 
CD4012M/CD4012C Dual 4-Input NAND Gate 


General Description 


These NOR and NAND gates are monolithic complementa- 
ry MOS (CMOS) integrated circuits. The N- and P-channel 
enhancement mode transistors provide a symmetrical cir- 
cuit with output swings essentially equal to the supply volt- 
age. This results in high noise immunity over a wide supply 
voltage range. No DC power other than that caused by leak- 
age current is consumed during static conditions. All inputs 
are protected against static discharge and latching condi- 
tions. 


Connection Diagrams 


CD4002 
Dual-In-Line Package 


TL/F/5940-1 
Top View 


Features 

@ Wide supply voltage range 
@ Low power 

@ High noise immunity 


3.0V to 15V 
10 nW (typ.) 
0.45 Vpp (typ.) 


Applications 
gm Automotive 

@ Data terminals 

B Instrumentation 

@ Medical Electronics 


= Alarm system 

m Industrial controls 
mg Remote metering 
= Computers 


CD4012 
Dual-In-Line Package 


TL/F/5940-2 
Top View 


Order Number CD4002* or CD4012* 


*Please look into Section 8, Appendix D for availability of various package types. 





02L0P09/INZL0P09/9200PG9/Wz200rdD 


CD4002M/CD4002C/CD4012M/CD4012C 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) a 2 8 ee 
Distributors for availability and specifications. Dual-In-Line 700 mw 


Voltage at Any Pin Vss —0.3V to Vpp +0.3V Small Outline 500 mw 


Operating Temperature Range - Operating Range (Vpp) Vss +3.0V to Vgg + 15V 
CD4002M, CD4012M —55°C to + 125°C Lead Temperature. (TL) 
CD4002C, CD4012C —40°C to + 85°C : (Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cpso02m, cp4012m 


Symbol Parameter Conditions + 125°C 
| ca eC eT 


Quiescent Vpp = 5.0V 0.001 | 0.05 

Device Current Vop = 10V 0.001 | 0.1 

Quiescent Device Vpp = 5.0V 0.005 | 0.25 
Dissipation/Package | Vpp = 10V 0.01 | 1.0 

Output Voltage Vop = 5.0V, Vi = Vop; lo = 0A 0.05 0.05 0.05 
Low Level Vpp = 10V, Vi = Vpp, lo = 0A 0.05 0.05 0.05 
Output Voltage Vop = 5.0V, le Vss, lo = 0A 4.95 4.95 5.0 4.95 

High Level Vop = 10V, Vi = Vgs, lo = OA 9.95 9.95 .; 10 9.95 

Noise Immunity Vpp = 5.0V, Vo = 3.6V, Io = OA 2.25 1.4 

(All Inputs) Vop = 10V, Vo = 7.2V, Ig = OA 45 2.9 

Noise {mmunity Vpp = 5.0V, Vo = 0.95V, lo = OA} 1.4 2.25 

(All Inputs) Vop = 10V, Vo = 2.9V, lo = 0A 2.9 45 

Output Drive Current | Vpp = 5.0V, Vo = 0.4V, Vj = Vpp| 0.5 0.40 0.28 
N-Channel (4002) Vop = 10V, Vo = 0.5V, V; = Vpp 1.1 0.9 0.65 

(Note 2) 


Output Drive Current | Vpp = 5.0V, Vo = 2.5V, V; = Vss 


P-Channel (4002) Vop = 10V, Vo = 9.5V, Vi = Vss 
(Note 2) 


Output Drive Current | Vpp = 5.0V, Vo = 0.4V, Vi = 
N-Channel (4012) Vop = 10V, Vo = 0.5V, Vi = Vop 
(Note 2) 


Output Drive Current | Vpp = 5.0V, Vo = 2.5V, Vi = Vss 
P-Channel (4012) Vpp = 10V, Vo = 9.5V, Vi = Vss 
(Note 2) 


Input Current 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of | _ device cannot be guaranteed. Except for ‘‘Operating Temperature te 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: IpN and IpP are tested one output at a time. 
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DC Electrical Characteristics cp4002c, cp4012c 


Quiescent Vop = 5.0V 

Device Current Vpp = 10V 

Quiescent Device Vpp = 5.0V 

Dissipation/Package | Vpp = 10V 

Output Voltage Vop = 5.0V, Vi = Vop,; lo = 0A 

Low Level Vop = 10V, Vi = Vpp, lo = OA 

Output Voltage Vpop = 5.0V, Vi = Vss, lo = 0A 

High Level Vop = 10V, V| = Vss, lo = OA 

Noise Immunity Vop = 5.0V, Vo 2 3.6V, lo = OA 1.5 2.25 1.4 
(All Inputs) Vpp = 10V, Vo = 7.2V, lo = OA 3.0 4.5 2.9 
Noise Immunity Vop = 5.0V, Vo < 0.95V, Io = OA ; 1.5 
(All Inputs) Vpp = 10V, Vo < 2.9V, lo = 0A : J 3.0 
Output Drive Current | Vpp = 5.0V, Vo = 0.4V, V; = } ; 
N-Channel (4002) Vpop = 10V, Vo = 0.5V, V; = 

(Note 2) 


Output Drive Current | Vpp = 5.0V, Vo = 0.4V, Vj = 
N-Channel (4012) Vop = 10V, Vo = 0.5V, Vi = 
(Note 2) 


Output Drive Current | Vpp = 5.0V, Vo = 2.5V, V| = 
P-Channel (4002) | Vpp = 10V, Vo = 9.5V, Vj = 
(Note 2) 

Output Drive Current | Vpp = 5.0V, Vo = 2.5V, V; = 
P-Channel (4012) 

(Note 2) 


Input Current 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
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they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: IpN and IpP are tested one output at a time. 





CD4002M/CD4002C/CD4012M/CD4012C 


AC Electrical Characteristics” 1, = 25°c, c, = 15 pF, and input rise and fall times = 20 ns. Typical 
temperature coefficient for all values of Vpp = 0.3%/°C. 


Symbol Conditions | Min | Typ | Max | _Units 


CD4002M 

Propagation Delay Time Vpp = 5.0V 
High to Low Level Vop = 10V 
Propagation Delay Time Vop = 5.0V 
Low to High Level Vop = 10V 
Transition Time High Vop = 5.0V — 175 
to Low Level Vpp = 10V 75 
Transition Time Low Vpp = 5.0V 125 
. to High Level Vpp = 10V a 
Input Capacitance Any Input a i 
‘Wropanation Delay Time Vop = 5.0V 
High to Low Level Vpop = 10V 
Propagation Delay Time Vpp = 5.0V 
Low to High Level Vpp = 10V 
Transition Time High. Vop = 5.0V 
to Low Level Vpop = 10V 

' Transition Time Low Vop = 5.0V 
to High Level Vpp = 10V 


Input Capacitance Any Input a a 


*AC Parameters are guaranteed by DC correlated testing. 


CD4002C 


AC Electrical Characteristics* tT, = 25°c,c, =15 pF, and input rise and fall times = 20 ns. Typical 
temperature coefficient for all values of Vpp = 0.3%/°C. 


Symbol Conditions | Min | Typ | Max | Units 


CD4012M 


Propagation Delay Time Vpp = 5.0V 

High to Low Level Vpp = 10V 

Propagation Delay Time Vop = 5.0V 

Low to High Level Vpp = 10V 

Transition Time High Vpp = 5.0V 

to Low Level Vpp = 10V 

Transition Time Low Vpp = 5.0V 75 100 
to High Level Vop = 10V 40 a 
Input Capacitance Any Input ae eee 

Propagation Delay Time Vop = 5.0V 100 
High to Low Level Vpp = 10V 50 
Propagation Delay Time Vop = 5.0V 100 
Low to High Level Vpp = 10V 50 
Transition Time High Vop = 5.0V 75 150 
to Low Level Vop = 10V 50 100 
Transition Time Low Vop = 5.0V 75 125 
to High Level Vop = 10V 40 a 


Input Capacitance Any Input a 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual 
device operation. 


CD4012C 





National © 
Semiconductor 


CD4002BM/CD4002BC Dual 4-Input NOR Gate 
CD4012BM/CD4012BC Dual 4-Input NAND Gate 


General Description 


These dual gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan- 
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se- 
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. All inputs are protected against static discharge 
with doides to Vpp and Vss. 


Connection Diagrams 


Features 
m Wide supply voltage range 
m@ High noise immunity 
m@ Low power TTL 

compatibility 
m 5V-10V-15V parametric ratings 
m Symmetrical output characteristics 
@ Maximum input leakage: 

pA at 15V over full temperature range 


3.0V to 15V 

0.45 Vpp (typ.) 

fanout of 2 driving 74L 
or 1 driving 74LS 


Dual-In-Line Packages 


CD4002BM/CD4002BC 


TL/F/5941~-1 
Top View 


CD4012BM/CD4012BC 


Vss 
TL/F/5941-2 
Top View 


Order Number CD4002B* or CD4012B* 


*Please look into Section 8, Appendix D for availability of package types. 
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CD4002BM/CD4002BC/CD4012BM/CD4012BC 


Absolute Maximum Ratings (notes 1 @ 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vin) —0.5V to Vpp + 0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


700 mw 
500 mW 


Lead Temperature (T,) 
(soldering, 10 seconds) 


260°C 


Recommended Operating 


Conditions (note 2) 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) ~ 
CD4002BM, CD4012BM 
CD4002BC, CD4012BC 


3.0V to 15V 
OV to Vop V 


—55°C to + 126°C 
— 40°C to.+ 85°C 


DC Electrical Characteristics cp40028m, cD4012BM (Note 2) - 


Quiescent Device | Vpp =5V, Vin = Vpp or Vss 
Current Vop = 10V, Vin = Vop or Vss 
Vpp = 15V, Vin = Vop or Vsg 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


Vop =5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vop =5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vpp =5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


Vop =5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
| Vop = 15V, Vin = 15V 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


+1250 


| sec | 
Pa Tae [oe [a an 


7.5 
| 15 
30 


0.05 
0.05 
0.05 


<<</<<</j/<<</<<< 


; Note.13“'Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 


should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actuat device 


_ operation. 
Note 2: Vsg = OV unless otherwise specified. 


Note 3: lo. and Igy are tested one output at a time. 
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DC Electrical Characteristics cp40028c, cp4012BC (Note 2) 


+25" 
Parameter | tee 
St ee 
Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 0.004 7.5 
Current Vop = 10V, Vin = Vpp or Vss 0.005 of 15 
Vop = 15V, Vin = Vpp or Vss 0.006 4.0 30 


Low Level = ; 0.05 0.05 
Output Voltage . 0.05 0.05 
0.05 0.05 


High Level 
Output Voltage 


Low Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vop = 5V, Vo = 0.4V 
Current (Note 3) | Vpp = 10V; Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output | Vpp = 5V, Vo = 4.6V_ 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


Propagation Delay 
High to Low Level 


Propagation Delay 
Low to High Level! 


trHL tTLH Transition Time 


40 80 
Average Input Capacitance Any Input es el ee 


Power Dissipation Any Gate 
Capacitance (Note 4) 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and ‘Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lo. and lox are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics, Application Note 
AN-90. 
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CD4006BM/CD4006BC 


National - 
Semiconductor 


CD4006BM/CD4006BC 18-Stage Static Shift Register 


General Description 


The CD4006BM/CD4006BC 18-stage static shift register is 
comprised of four separate shift register sections, two sec- 
tions of four stages and two sections of five stages. Each 
section has an independent data input. Outputs are avail- 
able at the fourth stage and the fifth stage of each section. 
Acommon clock signal is used for all stages. Data is shifted 
to the next stage on the negative-going transition of the 
clock. Through appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, and 9 stages, or 
single register sections of 10, 12, 13, 14, 16, 17, and 18 
stages can be implemented using one package. 


Logic Diagrams 
; OUTPUT 
nom——[ >o— DATA i > SIH STAGE 


TO NEXT STAGE 
D+1 


FROM 


PREVIOUS 
STAGE 

(OR DATA 

IF 1ST STAGE) 


cL 
asa f>od >o—c 


foe 
i 


CL CL 


T T 





TL/F/5942-1 


TL/F/5942~3 


Truth Table 


Features 

m Wide supply voltage range 
@ High noise immunity 

m Low power TTL 


3.0V to 15V 
0.45 Vpp (typ.) 
fan out of 2 driving 74L 
compatibility or 1 driving 74LS 
Low clock input capacitance 6 pF (typ.) 
Medium speed 10 MHz (typ.) (with Vpp = 10V) 
Low power 
Fully static operation 


Connection Diagram 


Dual-In-Line Package 
Vpp OUT #4 OUTp9#5 OUTp»#4 OUTp3#4 OUTpgt5 OUTpy+4 


4 fis 10 
1 m3] 
4 
s s 
Ea 
=z 
2 


1 STATE ; 
4 4 
TAGES | | | staces | | staces | | | STAGES 
a — | 


1 
DATA 1 NC 


4 
TAG! 
2 Bes 


3 t) 





CLOCK DATA2 DATA3 DATA4 Vsg 
TL/F/5942-2 


Top View 


Order Number CD4006B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5942~4 


X = Don't care 


= Level change 
NC = No change 
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Absolute Maximum Ratings (notes 1 and 2) 
If Military/Aerospace specifled devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
DC Supply Voltage (Vpp) —0.5to +18 Voc 
Input Voltage (Vin) —0.5 to Vpp + 0.5Vpc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mw 
500 mw 


260°C 


Recommended Operating 


Conditions (note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4006BM 
CD4006BC 


+3.0V to + 15V 
OV to Vop Voc 


— 55°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics CD4006BM (Note 2) 


Quiescent 
Device Current 


Vpp = 5.0V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 
Low Level 

Output Voltage 


High Level 
Output Voltage | Vpp = 10V 


Low Level 
Input Voltage 


Vop = 5.0V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vpp = 18V, Vo = 1.5V or 13.5V 


Vop = 5.0V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5.0V, Vo = 0.4V - 
Vop = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 
Vop = 5.0V, Vo = 4.6V 
Output Current | Vpp = 10V, Vo = 9.5V 
(Note 3) Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


High Level 
Input Voltage 


Low Level 
Output Current 
(Note 3) 


High Level 


Quiescent 
Device Current 


Vop = 5.0V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vop or Vss 


Low Level 
Output Voltage 


High Level 
Output Voltage 
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ee ee 
_Min [Max | Min | Typ | Max | Min | Max 


5.0 0.005 150 
ps 0.010 300 
0.015 600 


0.05 0.05 0.05 

0.05 0.05 0.05 

. 0.05 0.05 
5.0 


4.95 
9.95 
14.95 
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CD4006BM/CD4006BC 


DC Electrical Characteristics cozoo6sc (Note 2) (Continued) 


Low Level Vop = 5.0V, Vo = 0.5V or 4.5V 
Input Voltage | Vpp = 10V, Vo = 1.0V or 9.0V 


Vpp = 15V, Vo = 1.5V or 13.5V 


High Level Vop = 5.0V, Vo = 0.5V or 4.5V 
Input Voltage | Vpp = 10V, Vo = 1.0V or 9.0V 


Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Vpp = 5.0V, Vo = 0.4V 
Output Current | Vpp = 10V, Vo = 0.5V 
(Note 3) Vop = 15V, Vo = 1.5V 
High Level Vi = OV, Vin = Vpop 

Output Current | Vpp = 5.0V, Vo = 4.6V 
(Note 3) Vpp = 10V, Vo = 9.5V 


Vop = 15V, Vo = 13.5V 


Input Current | Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* cp4so0ssm/cp4o06Bc Ta = 25°C, CL = 50 pF, unless otherwise noted 


Symbol 


teLH tPpHL 


tTLH tTHL 


tw twH 


tac: tect 


tsu 


CL 


Parameter [_Senaiions | in| typ | _Mex | Units 


Propagation Delay Time (tpLy = tpHL) 
“et Time (trLH = tTHL) 

Minimum Clock Pulse Width (tw. = twH) 
Clock Rise and Fall Time (tact = trou) 
.Minimum Set-Up Time 

Minimum Hold Time 


Maximum Clock Frequency eS = 5. . ; MHz 


MHz 
Input ee Data Input 5.0 
CLK Input 7.5 


MHz 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 


operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lo, and [oy are tested one output at a time. 





Switching Time Waveforms 


ty 


90% 907 


( 0% 
7’ 50% 5 10% 


089007G9/WE900FGD 


OUTPUT 


TL/F/5942-5 
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. €D4007M/CD4007C 


National — 
Semiconductor 


CD4007M/CD4007C Dual 
Complementary Pair Plus Inverter 


General Description _ Features 


The CD4007M/CD4007C consists of three complementary ™ Wide supply voltage range 3.0V to 15V 
pairs of N- and P-channel enhancement mode MOS transis- — @ High noise immunity 0.45 Vcc (typ.) 
tors suitable for series/shunt applications. All inputs are pro- _ 

tected from static discharge by diode clamps to Vpp and 

Vss. 

For proper operation the voltages at all pins must be con- 

strained to be between Vss — 0.3V and Vpp + 0.3V at all 

times. 


Connection Diagram 


Dual-in-Line Package 


TL/F/5943~1 


Top View 


Note: All P-channel substrates are connected to Vpp 
and all N-channel substrates are connected to Vss. 


Order Number CD4007* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 

Distributors for availability and specifications. Dual-In-Line " 700 mw 


Voltage at Any Pin Vss —0.3V to Vop +0.3V Small Outline 500 mW 


Operating Temperature Range Operating Vpp Range Vss +3.0V to Vgs + 15V 
CD4007M —55°C to + 125°C Lead Temperature . 


CD4007C —40°C to + 85°C (Soldering, 10 seconds) 260°C 
DC Electrical Characteristics cp4007m 


Limits 
Parameter | sec | tz | + 125°C 
| Min [Typ|Max| Min | Typ [Max{ Min_|Typ|Max| 
Quiescent Device = |Vpp = 5.0V 0.05 0.001 | 0.05 
Current Vpop = 10V 0.1 0.001] 0.1 
Quiescent Device | Vpp = 5.0V 7 0.25 0.005! 0.25 15 
Dissipation Package | Vpp = 10V 1.0 0.001} 1.0 60 
Output Voltage Vop = 5.0V 0.05 0.05 0.05 
Low Level Vop = 10V 0.05 0.05 0.05 
Output Voltage Vpp = 5.0V 4.95 4.95 | 5.0 4.95 
High Level Vop = 10V 9.95 9.95] 10 9.95 
Noise Immunity Vpp = 5.0V, Vo = 3.6V 1.4 
(All Inputs) Vop = 10V, Vo = 7.2V 2.9 
Noise {mmunity Vpp = 50V, Vo = 0.95V 3.6 3.5 | 2.25 3.5 
(All Inputs) Vpp = 10V, Vo = 2.9V 7.1 7.0 | 4.5 7.0 
0.75 0.6 } 1.0 0.4 
1.6 1.3 | 25 0.95 
= Vss | —1.75 —1.4) —4.0 —1.0 
Vpp = 10V, Vo = 9.5V, Vj = Vsg | —1.35 —1.1) -2.5 —0.75 


jinputCurrent PO a ae ee es ee 


Parameter | are | t2ec | tac 
| Min [Typ|Max| Min | Typ |Max| Min_|Typ| 

Quiescent Device |Vpp = 5.0V 0.5 0.005 | 0.05 15 
Current Vpp = 10V 1.0 0.005) 1.0 30 
Quiescent Device |Vpp = 5.0V 0.025 75 
Dissipation Package | Vpp = 10V 0.05 300 
Output Voltage Vpop = 5.0V : 0.05 0.01 0.05 
Low Level Vpp = 10V 0.05 0.01 0.05 
Output Voltage Vpp = 5.0V 4.95 4.95 | 5.0 4.95 
High Level Vpp = 10V 9.95 9.95 | 10 9.95 
Noise Immunity Vop = 5.0V, Vo = 3.6V 1.5 2.25 | 1.5 1.4 
(All inputs) Vop = 10V, Vo = 7.2V 3.0 4.5 | 3.0 2.9 
Noise Immunity Vop = 5.0V, Vo = 0.95V 3.6 3.5 | 2.25 3.5 
(All Inputs) Vpp = 10V, Vo = 2.9V 7.1 7.0 | 4.5 7.0 

utput Drive Current) Vpp = 5.0V, Vo = 0.4V, Vi = Vpp 0.3 | 1.0 0.24 
N-Channel Vpp = 10V, Vo = 0.5V, Vj = Vpp 1.0 | 2.5 0.8 
Output Drive Current] Vpp = 5.0V, Vo = 2.5V, Vi = Vsg|] —1.3 —1.41 -0.9 
P-Channel Vop = 10V, Vo = 9.5V, Vi = Vsg } —0.65 —0.55 —0.45 


ee Oe se 


Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause permanent damage. 


9200709/WNZ00Pd9 
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CD4007M/CD4007C 


AC Electrical Characteristics* cp4007m 7 
Ta = 25°C and C, = 15 pF and rise and fall times = 20 ns. Typical temperature coefficient for all values of Vpp = 0.3%/°C 


Transition Time Vpp = 5.0V 
Vop = 10V 
Input Capacitance Any Input Roe 


*AC Parameters may be generated by DC correlated testing. 






teLH = teHL ns 





tTLH = trHL 


AC Electrical Characteristics* cp4007c 
Ta = 25°C and C, = 15 pF and rise and fall times = 20 ns. Typical temperature coefficient for all values of Vpp = 0.3%/°C 


Parameter 


'PLH = tPHL Propagation Delay Time Vpp = 5.0V 
Vpp = 10V 


“tTLH = trHL Transition Time Vpp = 8.0V 
Vop = 10V 


Input Capacitance Any Input 


*AC Parameters are guaranteed by DC correlated testing. 





AC Test Circuits 


Voo Voo Vp 


D 
= 14,11 a 14,2 a 4 


|» 


| P 
1 8,13 
input 2 bier inpuT — ko ian input —© ouTPUT 
| | N 


N 15 pF [ N 15 pF 15 pF 


HII ft 


TL/F/5943~2 TL/F/5943-3 TL/F/5943~4 


IK] 
re 


Switching Time Waveforms 





Voo 
INPUT 


Vss 


Voo 
OUTPUT 


Vss 


TL/F/5943-5 
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National © 
Semiconductor 


CD4008BM/CD4008BC 4-Bit Full Adder 


General Description 


The CD4008B types consist of four full-adder stages with 
fast look-ahead carry provision from stage to stage. Circuitry 
is included to provide a fast “parallel-carry-out” bit to permit 
high-speed operation in arithmetic sections using several 
CD4008B’s. CD40088 inputs include the four sets of bits to 
be added, A1 to A4 and B1 to B4, in addition to the “Carry 
in” bit from a previous section. CD4008B outputs include 
the four sum bits, S1 and S4, in addition to the high-speed 
“parallel-carry-out” which may be utilized at a succeeding 
CD4008B section. 

All inputs are protected from damage due to static dis- 
charge by diode clamps to Vpp and GND. 


Block Diagram 


HIGH SPEED 
PAR. CARRY 


Cy (CARRY IN) © 


Connection Diagram 


Dual-In-Line Package 


C; (CARRY IN) 


Top View TL/F/5944-2 


Features 

g Wide supply voltage range 

m High noise immunity 

m Low power TTL Fan out of 2 driving 74L 
compatibility or 1 driving 74LS 

m@ 4 sum outputs plus parallel look-ahead carry-output 

@ Quiescent current specified to 15V 

m Maximum input leakage of 1 pA at 15V (full package 
temperature range) 


3.0V to 15V 
0.45 Vcc (typ.) 


Truth Table 


ee ne o> ee om ee om a a) 
—=e-@ O-F COCO 
=—-09O0O0O/-0- = 0 


0 0 
1 0 
0 1 
1 1 
0 0 
1 0 
0 1 
1 1 


TL/F/5944-1 


Order Number CD4008B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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CD4008BM/CD4008BC 


Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions (note 2) 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. DC Supply Voltage (Vpp) 3 to 15 Voc 
Input Voltage (Vin) 0 to Vpp Voc 


DC Supply Voltage (Vpp) —0.5V to +18 Voc Geena gy festa (T,) 
erating Temperature Range 

Input Voltage (Vin) —0.5V to Vpp +0.5 Voc yotorh ig ge TA SE aiene 
Storage Temperature Range (Ts) —65°C to + 150°C CD4008BC —40°C to + 85°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mW 

Small Outline 500 mW 
Lead Temperature, (T,) 

(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp40088m (Note 2) 


a crahine [_-sec | vase | +1280 | 
Pon [aT ye [in 


Quiescent Device Current | Vop = 5V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
= 15V, Vin = Vpp or Vss 
Low Level Output Voltage | |Io|<1pA 


High Level Output Voltage 


Low Level Input Voltage | |lol <1 pA 
Vpp = 5V, Vo=0.5V or 4.5V 
Vpp= 10V, Vo= 1V or 9V 
Vop= 15V, Vo= 1.5V or 13.5V 


High Level Input Voltage | |Io| < 1 pA 
Vpp = SV, Vo=0.5V or 4.5V 
Vpp = 10V, Vo=1V or 9V 
Vop= 15V, Vo= 1.5V or 13.5V 


Low Level Output Current Vop= 5V, Vo=0.4V 
(Note 3) Vpp= 10V, Vo=0.5V 
Vop= 15V, Vo= 1.5V 
High Level Output Current | Vpp =5V, Vo=4.6V 
(Note 3) Vpp= 10V, Vo=9.5V 
Vop= 15V, Vo= 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 





Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop =_15V, Vin = Vpp or Vss 
Low Level Output Voltage 


High Level Output Voltage 
= ’ . 1 4. 95 
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DC Electrical Characteristics cp4oossc (Note 2) (Continued) 


Low Level Input Voltage | [lol <1pA 
Vpp= 5V, Vo=0.5V or 4.5V 
Vpp= 10V, Vo=1V or 9V 
Vpp = 15V, Vo= 1.5V or 13.5V 
High Level Input Voltage | lig] <1 pA 
Vpp = 5V, Vo =0.5V or 4.5V 
Vpp= 10V, Vo=1V or 9V 
Vop= 15V, Vo= 1.5V or 13.5V 
Low Level Output Current | Vop=5V, Vo =0.4V 
Vpp = 10V, Vo = 0.5V 
Vop= 15V, Vo = 1.5V 


High Level Output Current | Vop= 5V, Vo = 4.6V 
(Note 3) Vpp = 10V, Vo=9.5V 
Vop= 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 
Ta = 25°C, CL = 50 pF, Ry = 200k, input t,, t= 20 ns, unless otherwise specified. 


symbol | Parameter | Conditions| in| typ | Max _ 


tpH or tpLH Propagation Delay Time 
Sum In to Sum Out 


Carry In to Sum Out 
Sum In to Carry Out 
Carry In to Carry Out 


Carry In to Carry Out 


High-to-Low Transition Time 


Low-to-High Transition Time 


Cin Average Input Capacitance ee ee 
Cpp Power Dissipation Capacitance (Note 4) ee ee es eee 


“AC Parameters are guaranteed by DC correlated testing. 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and ‘‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lon and lo, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application note, 
AN-90. 
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CD4008BM/CD4008BC 


AC Test Circuit and Switching Time Waveforms 


Yoo 


A] 


GENERATOR 
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TL/F/5944-3 


TL/F/5944-4 





National — 
Semiconductor 


CD4009M/CD4009C Hex Buffers (Inverting) 
CD4010M/CD4010C Hex Buffers (Non-Inverting) 


General Description 


These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits. The N- and P-channel enhance- 
ment mode transistors provide a symmetrical circuit with 
output swings essentially equal to the supply voltage. This 
results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage cur- 
rent is consumed during static conditions. All inputs are pro- 
tected against static discharge. These gates may be used 
as hex buffers, CMOS to DTL or TTL interface or as CMOS 
current drivers. Conversion ranges are from 3V to 15V pro- 
viding Voc < Vpp. 


Schematic and Connection Diagrams 


Dual-In-Line Package 


TL/F/5945-2 
Top View 


Features 

m@ Wide supply voltage range 

m Low power 

@ High noise immunity 

@ High current sinking 
capability 


3.0V to 15V 

100 nW (typ.) 

0.45 Vpp (typ.) 
8 mA (min.) at Vo = 0.5V 
and Vpp = 10V 


Applications 

@ Automotive m@ Alarm system 

@ Data terminals @ Industrial controls 
@ Instrumentation m Remote metering 
™@ Medical electronics m Computers 


Dual-In-Line Package 


TL/F/5945-4 
Top View 


Order Number CD4009* or CD4010* 


*Please look into Section 8, Appendix D for availability of various package types. 


CD4009M/CD4009C 
Yoo 


Hex COS/MOS to OTL or TTL 
converter (non-inverting). 


Connect Vcc to DTL or TTL supply. 
Connect Vpp to COS/MOS supply. 


TL/F/5945-1 


CD4010M/CD4010C 


Yop 


Hex COS/MOS to DTL or TTL TL/F/5945-3 
converter (inverting). 
Connect Vcc to DTL or TTL supply. 


Connect Vpp to COS/MOS supply. 
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CD4009M/CD4009C/CD4010M/CD4010C 


Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 
Distributors for availability and specifications. Dual-In-Line 700 mW 


Voltage at Any Pin (Note 1) Vsg — 0.3V to Vgg + 15.5V Small Outline 500 mW 


Operating Temperature Range Lead Temperature (T,) ax 
CD40XXM — 55°C to + 125°C (Soldering, 10 seconds) 260°C 


CD40XXC —45°C to + 85°C Operating Range (Vpp) Vgg + 3V to Vgg + 15V 


DC Electrical Characteristics 


Test Limits 


cendione [sou eoenes 
ae ee ae oe ee ee 
rae [Typ Jaa i i i 


Quiescent Device 0.01 42 
Current 0.01 70 


cheractorisdcs 


0.01 0.01 0.05) 0.01 0.01 
0.01 0.01 0.05) 0.01 0.01 
4.99 4.95 4, 99 
9.99 9.95 9.99 


CD4009M 


CD4010M { 


Output Drive Current 
N-Channel (Note 2) 
P-Channel (Note 2) 


TEE i pA 


Note 1: This device should not be connected to circuits with the power on because high transient voltage may Cause permanent damage. 
Note 2: IpN and IpP are tested one output at a time. 


AC Electrical Characteristics* 
Ta = 25°c, C_ = 15 pF, unless otherwise noted. Typical Temperature coefficient for all values of Vpp = 0.3%/°C 


Test Limits 


Conditions 
Characteristics 


Propagation Delay Time: 
High-to-Low Level (tp) 


Low-to-High Level (tp, 1) 


Transition Time: 


High-to-Low Level (trHL) Vec = Vop 
Low-to-High Level (tt_) Vcc = Vpp 


Input Capacitance (C)) Any Input 
*AC Parameters are guaranteed by DC correlated testing. 
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Typical Application 


TL/F/5945-5 


901-0709/IN010P%09/9600%09/IN6007G9 
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CD4013BM/CD4013BC 


National © 
Semiconductor 


CD4013BM/CD4013BC Dual D Flip-Flop 


General Description 


The CD4013B dual D flip-flop is a monolithic complementa- 
ry MOS (CMOS) integrated circuit constructed with N- and 
P-channel enhancement mode transistors. Each flip-flop 
has independent data, set, reset, and clock inputs and ‘‘Q” 
and “Q” outputs. These devices can be used for shift regis- 
ter applications, and by connecting “‘Q” output to the data 
input, for counter and toggle applications. The logic level 
present at the “D” input is transferred to the Q output during 
the positive-going transition of the clock pulse. Setting or 
resetting is independent of the clock and is accomplished 
by a high level on the set or reset line respectively. 


Connection Diagram 


Dual-In-Line Package 
a2 CLOCK2 RESET2 


CLOCK1 RESET1 DATA1 


Top View 


Truth Table 


-O-+000 


No change 
t = Level change 
x = Don't care case 


Features 

m@ Wide supply voltage range 

® High noise immunity 

m@ Low power TTL 
compatibility 


Applications 


@ Automotive 

@ Data terminals 

@ Instrumentation 

@ Medica! electronics 


3.0V to 15V 

0.45 Vpp (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 


mw Alarm system 

@ Industrial electronics 
m Remote metering 

= Computers 


Order Number CD4013B* 


Please see Section 8, Appendix D 
for availability of various package types. 


Vss 
TL/F/5946-1 


“~=—-O000 
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Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


DC Supply Voltage (Vpp) 
Input Voltage (Vin) 
Storage Temp. Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


—0.5 Vpc to + 18 Voc 
—0.5 Voc to Vpp + 0.5 Voc 
—65°C to + 150°C: 


700 mW 
500 mW 


Recommended Operating 


Conditions (note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4013BM 
CD4013BC 


+3 Vpc to +15 Voc 
0 Voc to Vop Voc 


— 55°C to + 125°C 
— 40°C to + 85°C 


JdEL0PG9/WEELOPdD 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


260°C 
DC Electrical Characteristics cp40138m a 2) 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 
Current Vop = 10V, Vin = Vpp or vss 
Vop = 15V, Vin = Vop oF 

lg] < 1.0 pA 

Vop = 5V 

Vop = 10V 

Vop = 15V 


lol < 1.0 pA 
Vop = 5V 
Vpp = 10V 
Vpp = 15V 


lo] < 1.0 pA 

Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 
lo] < 1.0 pA 

Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 


Conditions 


Low Level 


Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output 
Current (Note 3) 


Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V : 
Vop = 15V, Vo = 1.5V . 3.4 


Vop = 5V, Vo = 4.6V —0.51 
Vop = 10V, Vo = 9.5V -1.3 | —2.25 
Vpp = 15V, Vo = 13.5V —4.2 —3.4 | —88 


Input Current Vpp = 15V, Vin = OV —-0.1 -10-5 —1.0 
Vop = 15V, Vin = 15V 0.1 10-5 1.0 
DC Electrical Characteristics cp40138¢ (Note 2) 


Parameter er ee ss + 85°C 
}_Paameor | | Min [| Max | Min | Typ | Max | Min | Max | 
Quiescent Device 


4.0 4.0 

Current 8.0 8.0 

16.0 16.0 

g 203 
4.95 
9.95 
14.95 


High Level Output —0.88 


Current (Note 3) 


Conditions 


Vop = 5V, Vin = Vpp Or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


Ilo] < 1.0 pA 
Vpp = 5V 
Vpop = 10V 
Vpp = 15V 
lo] < 1.0 pA 
Vpp = 5V 
Vpp = 10V 
Vop = 15V 


Ig| < 1.0 pA 

Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level 
Output Voltage 0.05 
0.05 


0.05 





0.05 
0.05 
High Level 
Output Voltage 
1.5 
3.0 
4.0 


Low Level 
Input Voltage 
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CD4013BM/CD4013BC 


DC Electrical Characteristics cp40138c (Note 2) (Continued) 


re ee 
min | max | min | tye | Max | Min | Max | 


High Level 
Input Voltage 


llo| < 1.0 pA : 

Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
High Level Output | Vop = 5V, Vo = 4.6V 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Low Level Output 
Current (Note 3) 


3.5 
7.0 
11.0 
0.36 


0.9 
2.4 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and ‘Electrical Characteristics” provide conditions for actual device 


operation. 
Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and Io, are measured one output at a time. 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, R,, = 200k, unless otherwise noted 


Symbol 
CLOCK OPERATION 


tpt tpLH Propagation Delay Time 


Transition Time 


ttHL tTLH 


Minimum Clock 
Pulse Width 


twe twH 


Maximum Clock Rise and 
Fall Time 


tact tFcL 
Minimum Set-Up Time 


Maximum Clock 
Frequency 


SET AND RESET OPERATION 


tPHL(R)» Propagation Delay Time 


tpLH(s) 


Minimum Set and 
Reset Pulse Width 


Average Input Capacitance Any Input 


*AC Parameters are guaranteed by DC correlated testing. 


tWHi(R) 
tWH(s) 
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[| Parameter | Conditions [|_min_ | Typ | Max 


Units 





Schematic Diagram 


SET O 
MASTER SECTION SLAVE SECTION 


Voo 


Od&L0PG9/NEEL0PdD 


ltr 


QoQ 

- 

< 

B 


t_ 
i 

: 
4° 
+ 


i, +i 


ay 


TL/F/5946-3 Vsg 


TL/F/5946-2 


| 
ALL P-SUBSTRATES ( | > ) CONNECTED TO Vpp 
Ke 


a 
ALL N-SUBSTRATES ( | Je» ) CONNECTED TO Vsg 
k 


TL/F/5946-4 





CD4013BM/CD4013BC 


Logic Diagram 


CLOCK Vss 


Vpp 


DATA Vss 


DATA Vop 


Vop 


QORT Vss 


008 G Vpp 


10% 


80% 


MASTER SECTION 
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TL/F/5946-5 


TL/F/5946-6 





National | 
Semiconouctor 


CD4014BM/CD4014BC 8-Stage Static Shift Register 


General Description 


The CD4014BM/CD40148C is an 8-stage parallel input/se- 
rial output shift register. A parallel/serial control input en- 
ables individual JAM inputs to each of 8 stages. Q outputs 
are available from the sixth, seventh and eighth stages. All 
outputs have equal source and sink current capabilities and 
conform to standard “‘B” series output drive. 


When the parallel/serial control input is in the logical ‘‘0” 
state, data is serially shifted into the register synchronously 
with the positive transition of the clock. When the parallel/ 
serial control input is in the logical ‘‘1” state, data is jammed 
into each stage of the register synchronously with the posi- 
tive transition of the clock. 


Connection Diagram 


Dual-In-Line Package 


BUF PAR/ 
ae OUT SER SER 


a7 IN CLK CONT 


8 a6 a8 
PAR BUF séBUF 
IN OUT OUT PAR IN 


Top View 
Logic Diagram 


All inputs are protected against static discharge with diodes 
to Vpp and Vss. 


Features 

m Wide supply voltage range 

g High noise immunity 

m Low power TTL 
compatibility 

m 5V-10V-15V parametric ratings 

m Symmetrical output characteristics 

@ Maximum input leakage: 
1 pA at 15V over full temperature range 


3.0V to 15V 


0.45 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


Truth Table 


X 
X 
X 
X 
0 
1 
X 


*Level change 
X = Don't care case 


Order Number CD4014B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5947-2 
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Jar lOrdd/NErlOrdo 


CD4014BM/CD4014BC 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vin) —0.5 to Vpp + 0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T;) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


~~. 260°C 
DC Electrical Characteristics cp40148m (Note 2) 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 
Current Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vop or Vss 


Low Level Vop = 5V 
Output Voltage Vpp = 10V } lol <1 pA 
Vpp = 15V ; 
High Level Vop = 5V 4.95 
Output Voltage | Vpp = 10V } lol < 1 pA 
Vpp = 15V 


9.95 
14.95 
Low Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage. Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 
Vop = 5V, Vo = 0.4V 

Vpp = 10V, Vo = 0.5V 

Vop = 15V, Vo = 1.5V 


High Level Output | Vop = 5V, Vo = 4.6V 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vpop = 16V, Vo = 13.5V 


input Current 


Quiescent Device 
Current 





High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


Vop = 5V, Vin = Vop OF Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


Low Level Vop = 5V 
Output Voltage Vop = 10V 
; Vop = 15V 

High Level Vop = 5V 

Output Voltage Vpp = 10V ¢:|lol <1 pA 
Vop = 15V 

Low Level Vop = 5V, Vo = 0.5V or 4.5V 

Input Voltage Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current (Note 3) Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 





40 
80 

0.05 

‘|lol < 1 pA 0.05 
0.05 


4.95 
9.95 
14.95 


Recommended Operating 


Conditions (ote 2) 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4014BM 
CD4014BC 


0.05 
0.05 
0.05 


0.05 
0.05 


0.05 
0.05 
0.05 


4.95 
9.95 
14.95 


11.0 


0.51 0.88 
1.3 2.2 0.9 
3.4 8 2.4 
—0.51] —0.88 —0.36 
—1.3 , -2.2 —0.9 
—3.4 —8 —2.4 


40 
80 
0.05 0.05 
0.05 0.05 
0.05 0.05 
- 4,95 5 4.95 
9.95 10 9.95 
14.95 | 15 14.95 
1.5 2 1.5 1.5 
: 4 3.0 3.0 
; 6 4.0 . 
0.88 0.36 
2.2 0.9 
8 2.4 





3.0V to 15V 
0 to Vop 


— 55°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics cp40148c (Note 2) (Continued) 


High Level Output | Vpp = 5V, Vo = 4.6V 
Current (Note 3) Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


AC Electrical Characteristics” 1, = 25°c, inputt,, = 20 ns, C, = 50 pF, RL = 200 ka 


Symbol —___Faraneter__}_conatons_{_in_{|_typ_| wax _| 


tpHL tpLH Propagation Delay Time 
true, tTLH Transition Time 


Maximum Clock 
Input Frequency 


tw Minimum Clock 
Pulse Width 


tro“: tio Clock Rise and 
Fall Time (Note 4) 


Minimum Set-Up Time 
(Note 6) Serial Input 
ty = 200 ns 


Parallel Inputs 
ty 2 200 ns 


Parailel/Serial Control 
tH 2 200 ns 


Minimum Hold Time 
Serial In, Parallel In, tg = 400 ns 
Parallel/Serial Control 


Average Input Capacitance Any Input 
(Note 5) 

Cpp Power Dissipation Capacitance 
(Note 5) 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lo, and lox are tested one output at a time. 


Note 4: If more than one unit is cascaded t;c_ should be made less than or equal to the fixed propagation delay of the output of the driving stage for the estimated 
capacitive load. 

Note 5: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C family characteristics application note 
AN-90. 


Note 6: Setup times are measured with reference to clock and a fixed hold time (ty) as specified. 
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CD4014BM/CD4014BC 


Typical Performance Characteristics 


Isinx(mA) 


35 
30 


0 2 4 6 8 10 12 14 16 18 
Vout (V) 
TL/F/5947-3 


OT 
CoO 
COT 
eee ayia 


t u 
~ = ! 
wn o on 


Isource (mA) 


{ 
i] 
os 


ERaaae ae 
aad 


35 
18 16 14 12 10 8 6 4 200 
Vec - Vout (V) 
TL/F/5947-4 


25 «60 «675 «©6100 «125 «150 86175 
C_- LOAD CAPACITANCE (pF) 


TL/F/5947-5 





National - 
Semiconductor 


CD4015BM/CD4015BC Dual 4-Bit Static Shift Register 


General Description 


The CD4015BM/CD40158BC contains two identical, 4-stage, 
serial-input/parallel-output registers with independent 
“Data”, “Clock,” and “Reset” inputs. The logic level pres- 
ent at the input of each stage is transferred to the output of 
that stage at each positive-going clock transition. A logic 
high on the “Reset” input resets all four stages covered by 
that input. All inputs are protected from static discharge by a 
series resistor and diode clamps to Vopp and Vsgs. 


Connection Diagram and Truth Table 


Features 

m Wide supply voltage range 

™ High noise immunity 

m Low power TTL 
compatibility 

m Medium speed operation 

m Fully static design 


3.0V to 18V 

0.45 Vop (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

8 MHz (typ.) clock rate 
@Vpp — Vsg = 10V 


Applications 

@ Serial-input/parallel-output data queueing 
@ Serial to parallel data conversion 

m General purpose register 


Dual-iIn-Line Package 


Vpp -DATAR.—RESETg_Ss«Oig 


4 Level change 
X = Don't care case 


Q2p Q3, 


RESET, —_DATAg 


Vss 
TL/F/5948-1 


(No change) 


Order Number CD4015B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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CD4015BM/CD4015BC 


Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. DG Supply Voltage (Vpp) se ee es 
DC Supply Voltage (Vpp) ~0.5to +18 Vpc ee ee (Vin) saa to Vop Voc 
erating Temperature Range 

Input Voltage (Vin) —0.5 to Vpp + 0.5 Voc ‘COubIEELA P Ge UTA —55°C to + 125°C 
Storage Temperature Range (Ts) —65°C to + 150°C CD4015BC —40°C to + 85°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mW 

Small Outline 500 mw 


Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp40158m (Note 2) 


Conditions ee ee 
| min | Max | min | typ | Max | Min | Max | 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 0.005 150 
Current Vpp = 10V, Vin = Vpp or Vss 0.010 300 
Vop = 15V, Vin = Vpp or Vss 0.015 600 


LowLevel | Vop = 5V 0.05 0.05 
Output Voltage Vpp = 10V ¢ ligl <1 pA 0.05 é 0.05 
Vpp = 15V 0.05 


High Level Vop = 5V 
Output Voltage Vpp = 10V ¢ [lol <1 pA 
Vpp = 15V 


Low Level Vpp = 5V, Vo = 0.5V or 4.5V 


Input Voltage Vpop = 10V, Vo = 1.0V or 9.0V 


Vpop = 15V, Vo = 1.5V or 13.5V 


High Level Vpop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output } Vop = 5V, Vo = 0.4V 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output | Vpp = 5V, Vo = 4.6V 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 
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DC Electrical Characteristics cp40158¢ (Note 2) 


Conditions | nsec | tec | tase | 
| win | Max | min | typ | Max | min_| Max | 


Quiescent Device | Vop = 5V, Vin = Vpp or Vss 20 0.005 150 
Current Vop = 10V, Vin = Vpp or Vssg 40 0.010 40 
Vpop = 15V, Vin = Vpp or Vss 80 0.015 80 
Low Level 0.05 
Output Voltage 0.05 
0.05 
High Level = 4.95 4.95 
Output Voltage 9.95 9.95 
14.95 14.95 


Low Level Vop = 5V, Vo = 0.5V or 4.5V 1.5 
Input Voltage Vpop = 10V, Vo = 1.0V or 9.0V 3.0 
4.0 


Vop = 15V, Vo = 1.5V or 13.5V 


985107G90/NaS-OPdd 


High Level Vop = 5V, Vo = 0.5V or 4.5V 3.5 3.5 
Input Voltage Vpp = 10V, Vo = 1.0V or 9.0V 7.0 7.0 
Vop = 15V, Vo = 1.5V 0r13.5V | 11.0 11.0 


Low Level Output | Vpp = 5V, Vo = 0.4V 0.52 0.44 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 1.3 1.1 
Vop = 15V, Vo = 1.5V 3.6 3.0 


<<<j<c<ccicoccjyccc 


High Level Output | Vpp = 5V, Vo = 4.6V 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: lo} and Io, are tested one output at a time. 
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CD4015BM/CD4015BC 


AC Electrical Characteristics” 
Ta = 25°C, CL = 50 pF, Rr = 200k, t, = ty = 20 ns, unless otherwise specified 


Symbol Conditions ea a Units 


CLOCK OPERATION 
tPHL, tPLH Propagation Delay Time 


trHe tTLH Transition Time 


Minimum Clock 
Pulse-Width 


troL, tice Clock Rise and 
Fall Time 


Minimum Data 
Set-Up Time 


Maximum Clock 
Frequency 


RESET OPERATION 
tPHL(R). Propagation Delay Time 


Minimum Reset 
Pulse Width 


*AC Parameters are guaranteed by DC correlated testing. 


Logic Diagrams 


TL/F/5948-2 
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Logic Diagrams (Continued) 


08S10709/WN8SlOrdd 


Terminal No. 16 = Vpp 
Terminal No. 8 = GND TL/F/5948-3 
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CD4016BM/CD4016BC 


National 
Semiconductor 


CD4016BM/CD4016BC Quad Bilateral Switch 


General Description 

The CD4016BM/CD4016BC is a quad bilateral switch in- 
tended for the transmission or multiplexing of analog or digi- 
tal signals. It is pin-for-pin compatible with CD4066BM/ 
CD4066BC. 


Features 
m Wide supply voltage range 3V to 15V 
m Wide range of digital and analog switching +7.5 Vpeak 
m “ON” resistance for 15V operation 4002 (typ.) 
m Matched “ON” resistance over 15V 

signal input 
m High degree of linearity 


ARon= 102 (typ.) 

0.4% distortion (typ.) 

@ fig = 1 kHz, Vis=5 Vp.p, 
Vpop—Vss= 10V, RL=10 kN 
m Extremely low “OFF” switch leakage 0.1 nA (typ.) 
@ Vop — Vss=10V 
Ta=25°C 


Schematic and Connection Diagrams 


CONTROL 


fi} 


m Extremely high control input impedance 10122) (typ.) 
@ Low crosstalk between switches —50 dB (typ.) 

@ fig = 0.9 MHz, RLE= 1k 
m@ Frequency response, switch “ON” 40 MHz (typ.) 


Applications 
@ Analog signa! switching/multiplexing 
@ Signal gating 
@ Squelch control 
© Chopper 
© Modulator/Demodulator 
¢ Commutating switch 


B Digital signal switching/multiplexing 

= CMOS logic implementation 

@ Analog-to-digital/digital-to-analog conversion 

Digital control of frequency, impedance, phase, and an- 
alog-signal gain 


Dual-In-Line Package 


IN/OUT Yoo 
OUT/IN CONTROL A 
OUT/IN CONTROL D 
IN/OUT IN/OUT 
CONTROL 8B OUT/IN 
CONTROL C OUT/IN 
Vss IN/OUT 


TOP VIEW 
TL/F/5661-1 


Order Number CD4016B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallability and specifications. 

(Notes 1 and 2) 


—0.5V to +18V 


Recommended Operating 
Conditions (note 2) 

Vop Supply Voltage 

Vin Input Voltage 

Ta Operating Temperature Range 


3V to 15V 
OV to Vop 


Vop Supply Voltage 
Vin Input Voltage 
Ts Storage Temperature Range 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


CD4016BM 


—0.5V to Vpp + 0.5V 
CD4016BC 


— 65°C to + 150°C 


700 mW 
500 mW 


Lead Temperature (Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp40168M (Note 2) 


Quiescent Device Current | Vpp = 5V, Vin=Vpp or Vss | 


Signal Inputs and Outputs 


“ON” Resistance 


A“ON” Resistance 
Between any 2 of 


4 Switches 
(In Same Package) 


Input or Output Leakage 
Switch “OFF” 


Control Inputs 
Low Level Input Voltage 


High Level input Voltage 


Input Current 


Vpp= 10V, Vin=Vpp or Vss 
Vop= 15V, Vin=Vopp or Vss 


RL=10k9 to 


Vpp—Vss 
2 


Vc=Vpp: Vis=Vss or Vop 
Vpp = 10V 
Vop = 15V 


RL =10 kn to 22 Vss 


Ve=Vop 

Vpp = 10V, Vig=4.75 to 5.25V 
Vpp = 15V, Vig= 7.25 to 7.75V 
R_=10 kn to 2O—Vss 
Vc=Vop:; Vis=Vss to Vop 
Vpp = 10V 

Vop= 15V 


Vo=0, Vpp = 15V 
Vis = 15V and OV, 
Vos = OV and 15V 


Vis=Vss and Vpp 
Vos=Vpp and Vsg 
lig= £10 pA 
Vpp= 5V 

Vpp = 10V 

Vop= 15V 


Vop =5V 

Vpp=10V = (see Note 6 and 
Vpp= 15V Figure 8) 
Vpp—Vss= 15V 

Vop2 Vis2Vss 
Vpp2Vc2Vss 


—55°C to + 125°C 
—40°C to +85°C 


0.25 
0.5 
1.0 


0.7 
0.7 


0.7 
3.5 
7.0 
11.0 


7 aad . 
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CD4016BM/CD4016BC 


DC Electrical Characteristics cp40168c (Note 2) (Continued) 


Parameter x e e 
ee occ 


Quiescent Device Current | Vop=5V, Vin=Vpp or Vss 
Vpp= 10V, Vin=Vpp or Vss 
Vpop= 15V, Vin=Vpp or Vss 


Signal Inputs and Outputs 
VJ —V 
“ON” Resistance RL =10 kf to 22 $8 
Vc= Vpp: Vis=Vss oF Vpp 
Vpp= 10V 
Vpp= 15V 


Vpp-V 
RL= 10 kf to 22 —"Ss 


Vo=Vpp 
Vop = 10V, Vig = 4.75 to 5.25V 
Vpp = 15V, Vig = 7.25 to 7.75V 

A“ON” Resistance - | RL=10kQ to =n A 


Between any 2 of Vc=Vpp; Vis=Vss to Vpp 
4 Switches Vpp = 10V 


(In Same Package) Vpp = 15V 


Input or Output Leakage | Vc=0, Vpp=15V 
Switch “OFF” Vis=OV or 15V, 
Vos = 15V or OV 


Control Inputs 


Low Level Input Voltage | Vis=Vss and Vpp 
Vos=Vpp and Vss 
lig= +10 pA 
Vpp=5V 
Vpp = 10V 
Vpp= 15V 


Vpp= 5V 
Vpp= 10V (see Note 6 and 
Vop = 15V Figure 8) 


Voc—Vss=15V 
Vpp2 Vis2 Vss 
Vpp2 Vc2Vss 


teHL, teLH Propagation Delay Time Vc=Vpp, C_=50 pF, (Figure 1) 
Signal Input to Signal Output R, = 200k 
Vpp=5V 
Vpp= 10V 
Vpp = 15V 
tpzH, tpz Propagation Delay Time RL =1.0 ko, C=50 pF, (Figures 2 
Control Input to Signal and 3) 
Output High Impedance to Vpp=5V 


Logical Level Vpp= 10V 
Vpp= 15V 


tpHz, tpiz Propagation Delay Time RL= 1.0 kQ, C_ =50 pF, (Figures 2 — 
Control Input to Signal and} 
Output Logical Level to Vpp = 5V 
High Impedance Vpp = 10V 
Vpp= 15V 
Sine Wave Distortion Vo=Vop=5V, Vss=—5 
Ru=10 kQ, Vig =5 Vp.p, f= 1 kHz, 
(Figure 4) 





AC Electrical Characteristics* (continued) 
Ta= 25°C, tp=tf=20 ns and Vgg=OV unless otherwise specified 


}—__Paremeter_|__Condtone_| win | typ | woe 


Frequency Response — Switch Vc=Vpp=5V, Vss= — 5V, 

“ON” (Frequency at —3 dB) RL=1kQ9, Vis=5 Vp-p, 
20 Log19 Vos/Vos (1 kHz) —dB, 
(Figure 4) 

Feedthrough — Switch “OFF” Vpp= 5V, Vc=Vss= —5V, 

(Frequency at — 50 dB) RL=1 kO, Vig=5 Vp.p, 
20 Logo (Vos/Vis) = —50 dB, 
(Figure 4) 

Crosstalk Between Any Two Vpp= Veia) = 5V; Vss = Voie) = — SV, 

Switches (Frequency at — 50 dB) RL=1 kOVis(ay=5 Vp-p, 
20 Logio (Vos(p)/Vos(a) ) = — 50 dB, 
(Figure 5) 

Crosstalk; Control Input to Vop= 10V, RL=10 kn 

Signal Output Rin=1k, Voc= 10V Square Wave, 
CL=50 pF (Figure 6) 

Maximum Control Input RL= 1k, C_=50 pF, (Figure 7) 
Vos(f) = 2 Vos(1 kHz) 


[Sgenpatpeaanes a 
agilOdpuiceadanes | pew 
[ FoostivouphGapastance | vor ————~«dL—SCidt oe | 
F contelinpatcepactance | __———~—SsSédCSCSid Cs (da 


*AC Paramters are guaranteed by DC correlated testing. 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 

Note 3: These devices should not be connected to circuits with the power “ON”. 

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance on the output; however, this capacitance is included in C, wherever it is specified. 
Note 5: Vis is the voltage at the in/out pin and Vog is the voltage at the out/in pin. Vc is the voltage at the control input. 


Note 6: If the switch input is held at Vpp, Viric is the control input level that will cause the switch output to meet the standard “‘B” series Voy and Io} output levels. 
\f the analog switch input is connected to Vgs, Viv is the control input level —- which allows the switch to sink standard “B” series \lou|, high level current, and still 
maintain a Vo, < “B” series. These currents are shown in Figure 8. 


AC Test Circuits and Switching Time Waveforms 


Ve*Voo 


CONTROL 


10F4 
IN/OUT cwitcHES 


Figure 1. tpi, tp_LH Propagation Delay Time Signal Input to Signa! Output 
Yoo tPZH tPHZ 


CONTROL Vog 
10F4 
IN/OUT switcHES wzn en 
c — ta 


TL/F/5661-2 





FIGURE 2. tpzy, tpxz Propagation Delay Time Control to Signal Output 
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CD4016BM/CD4016BC 


AC Test Circuits and Switching Time Waveforms (Continued) 


te2u 
tpze 


v 
ICONTROL Vn ” 


50% 


f 1OF4 
IN/OUT ct rcnes CUTAN tv ov 


Yoo Voo 


Vot Vat 


5V 


CONTROL Vpp 


10F4 
tN/OUT SWITCHES OUT/IN 


WV 


Vc=Vopp for distortion and frequency response tests 
Vco=Vssg for feedthrough test 


FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough 
VclA) = Vop 


CONTROL Vo 
10F4 

IN/OUT citcnes OUT/N 
Vss 


2.5V 


Visit) OV 
Vc{B) = Vsg 
-2.5V 


CONTROL Voo 
Vig(B) = OV 10F4 
IS IN/OUT citcues OUT/IN 


Vss 


FIGURE 5. Crosstalk Between Any Two Switches 


— te = 20 ns 


CONTROL Yoo 


10F4 
IN/OUT SWITCHES OUT/IN 


Vss 


Vos aanaa | CREE ee CROSSTALK 


TL/F/5661-3 


FIGURE 6. Crosstalk — Control to Input Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 


v 
oo * | _-| a 
90% 80% 


CONTROL Vpp cs 


10F4 
IN/OUT SWITCHES OUT/IN 


4 


if 


TL/F/5661-4 
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Temperature Switch Output 
Range 


oao 


MILITARY 


—_ —b 
alo 


ono 


COMMERCIAL 


—_h Ns 
aeo 


FIGURE 8. CD4016B Switch Test Conditions for Vinic 


Typical Performance Characteristics 


‘ON’ Resistance vs. Signal ‘ON’ Resistance Temperature ‘ON’ Resistance Temperature 
pone Ta=25°C Variation for Vpp— Vss= 10V Variation for Vpp— Vss= 15V 


BaP ann mig 
Saar Wee 
LT | YW TT 
LT TAZ IAT 
|_| VAAN 

A [XS 


CHANNEL ‘ON’ RESISTANCE (Ron)(2) 
CHANNEL ‘ON’ RESISTANCE (Ron)}(2) 
CHANNEL ‘ON’ RESISTANCE (Ron)(2) 


~8 -6 -4 -2 0 2 4 -8-6 -4 -2 0 2 -8 -6 -4 -2 
SIGNAL INPUT (¥js)(¥) SIGNAL INPUT (VisH¥) SIGNAL INPUT (Vis)(V) 
TL/F/5661-5 
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CD4016BM/CD4016BC 


Typical Applications 


4 Input Multiplexer 


CHANNEL 1 
CHANNEL 2 
CHANNEL 3 
CHANNEL 4 


COMMON 


4392 1 


CONTROL 


Sample/Hold Amplifier 


1 OF 4 
SWITCHES 
S/H 


Special Considerations 


The CD4016B is composed of 4, two-transistor analog 
switches. These switches do not have any linearization or 
compensation circuitry for “Ron” as do the CD4066B's. Be- 
cause of this, the special operating considerations for 
the CD4066B do not apply to the CD4016B, but at low 


ea 
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supply voltages, <5V, the CD4016B’s on resistance be- 
comes non-linear. It is recommended that at 5V, voltages 
on the in/out pins be maintained within about 1V of either 
Vpp or Vgs; and that at 3V the voltages on the in/out pins 
should be at Vpp or Vss for reliable operation. 





National | 
Semiconductor 


CD4017BM/CD4017BC Decade Counter/ Divider 


with 10 Decoded Outputs 


CD4022BM/CD4022BC Divide-by-8 Counter/Divider 


with 8 Decoded Outputs 


General Description 


The CD4017BM/CD4017BC is a 5-stage divide-by-10 John- 
son counter with 10 decoded outputs and a carry out bit. 


The CD4022BM/CD4022BC is a 4-stage divide-by-8 John- 
son counter with 8 decoded outputs and a Carry-out bit. 


These counters are cleared to their zero count by a logical 
“1” on their reset line. These counters are advanced on the 
positive edge of the clock signal when the clock enable sig- 
nal is in the logical “0” state. 


The configuration of the CD4017BM/CD4017BC and 
CD4022BM/CD4022BC permits medium speed operation 
and assures a hazard free counting sequence. The 10/8 
decoded outputs are normally in the logical “0” state and go 
to the logical “1” state only at their respective time slot. 
Each decoded output remains high for 1 full clock cycle. 
The carry-out signal completes a full cycle for every 10/8 
clock input cycles and is used as a ripple carry signal to any 
succeeding stages. 


Connection Diagrams 


CD4017B 
Dual-In-Line Package 


DECODED OUTPUT “5” Vp 
DECODED OUTPUT “1” RESET 
DECODED OUTPUT “0” CLOCK 
DECODED OUTPUT “2” CLOCK ENABLE 
DECODED OUTPUT “6” CARRY-OUT 
DECODED OUTPUT “7” DECODED OUTPUT “3” 
DECODED OUTPUT “3” DECODED OUTPUT “4” 


Vsg DECODED OUTPUT “8” 


TL/F/5950-1 
Top View 


Features 
Wide supply voltage range 
m@ High noise immunity 
m Low power 
TTL compatibility 
m Medium speed operation 


3.0V to 15V 

0.45 Vpp (typ.) 

Fan out of 2 driving 74L 

or 1 driving 74LS 

5.0 MHz (typ.) 

with 10V Vop 

m Low power 10 pW (typ.) 
m Fully static operation 


Applications 
m Automotive 

@ Instrumentation 

w Medical electronics 
m@ Alarm systems 

a Industrial electronics 
gm Remote metering 


CD4022B 
Dual-In-Line Package 


DECODED OUTPUT “1” Voo 
DECODED OUTPUT “0” RESET 
DECODED OUTPUT “2” CLOCK 
DECODED OUTPUT “5” CLOCK ENABLE 


DECODED OUTPUT “6” CARRY-OUT 
NC DECODED OUTPUT “4” 
DECODED OUTPUT “3” DECODED OUTPUT “7” 


Vss NC 


TL/F/5950-2 
Top View 


Order Number CD4017B* or CD4022B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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CD4017BM/CD4017BC/CD4022BM/CD4022BC 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


DC Supply Voltage (Vpp) —0.5 Voc to +18 Voc 
Input Voltage (Vin) —0.5 Voc to Vpp'+0.5 Voc 
Storage Temperature (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mw 


260°C 


Recommended Operating 
Conditions (note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4017BM, CD4022BM 
CD4017BC, CD4022BC 


+3 Vpc to +15 Voc 
0 to Vpp Voc 


—55°C to + 126°C 
—40°C to +85°C 


DC Electrical Characteristics cp40178m, cb4022BM (Note 2) 


Quiescent Device 
Current 


Conditions 


Vpp = 5V, Vin = Vpp or Vss 
Vpp = 10V, Vin = Vpp or Vss 
Vpp = 15V, Vin = Vpp or Vss 
lol < 1.0 pA 

Vop = 5V 

Vpp = 10V 

Vpp = 15V 


ol <1.0pA 
Vpp = 5V 
Vpp = 10V 
Vpp = 15V 


lol < 1.0 pA 

Vpp = 5V, Vo = 0.5V or 4. 5V 
Vpp = 10V, Vo = 1.0V-or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


llo| < 1.0 pA 

Vpop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vpop = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 
High Level Output | Vpp = 5V, Vo = 4.6V 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vpop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


150 
300 
600 


0.05 0.05 0.05 
0.05 0.05 0.05 
0.05 0.05 


9.95 
14.95 


3.5 3.5 
7.0 7.0 
0.64 0.51 
1.6 1.3 0.9 
4.2 3.4 8.8 2.4 
—0.25 —0.2 
—0.62 —-0.5} —0.9 
—1.8 —1.5 | —3.5 —1.1 


—0.36 —0.14 


—0.35 


—0.1 —-10-5 —1.0 
0.1 10-5 OL 1.0 


DC Electrical Characteristics a CD4022BC (Note 2): 


Parameter | 


Recon Device — = 5V 
Current Vpp = 10V 
Vop = 15V 


Low Level llol < 1.0 pA 

Output Voltage Vpp = 5V 
Vpp = 10V 
Vpp = 15V 


lol < 1.0 pA 
Vpp = 5V 
Vpp = 10V 
Vop = 15V 


High Level 
Output Voltage 


ae 
[a 
20 ee 
600 
4.95 


9.95 
14.95 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of ‘Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 


operation. 
Note 2: Vsg = OV unless otherwise specified. 
Note 3: lo_ and Icy are tested one output at a time. 





DC Electrical Characteristics cp40178¢, cp4022BC (Note 2) (Continued) 


Low Level lol < 1.0 pA 

Input Voltage Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpop = 15V, Vo = 1.5V or 13.5V 


High Level lol < 1.0 pA 

Input Voltage Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vop = 5V, Vo = 0.4V 0.52 0.44 0.88 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 1.3 1.1 2.25 
Vpp = 15V, Vo = 1.5V 

High Level Output | Vpp = 5V, Vo = 4.6V -0.2 fi | —0.16| —0.36 -0.12 


Current (Note 3) | Vpp = 10V, Vo = 9.5V -0.5 -04 | -09 ~0.3 
Vop = 15V, Vo = 13.5V -1.4 -12 | —-3.5 —1.0 


Input Current Vop = 15V, Vin = OV —10-5 -1.0 
Vop = 15V, Vin = 15V 10-5 1.0 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides condtions for actual device 
operation. 


Note 2: Vsg = OV unless otherwse specified. 
Note 3: to. and Ioy are tested one output at a time. 


AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, RL = 200k, tyc_ and tro. = 20 ns, unless otherwise specified 


Symbol Conditions | Min | Typ | Max | Units 


CLOCK OPERATION 
tPHL, tpLH Propagation Delay Time 


Carry Out Line = 415 800 
160 320 
130 250 


Carry Out Line ae = 5V 240 480 
Vpp = 10V } C, = 15 pF 2 170 
Vop = 15V 140 
Decode Out Lines Vpp = 5V 500 1000 
Vop = 10V 200 400 
Vpp = 15V 160 320 


ttLH tTHL Transition Time Carry Out 
and Decode Out Lines 
tTLH 


tTHL Vpp = 5V 
Vpp = 10V 
Vop = 15V 
fot Maximum Clock Frequency Vop = 5V Measured with 
Vop = 10V Respect to Carry 
Vpop = 15V Output Line 
twe tWH Minimum Clock Vpp = 5V 
Pulse Width Vpp = 10V 
Vop = 15V 
trot tic Clock Rise and Vop = 5V 
Fall Time Vpp = 10V 
Vpp = 15V 
tsy Minimum Clock Inhibit Vpp = 5V 120 240 
Data Setup Time Vpp = 10V 40 80 
Vpp = 15V 32 65 


| AverageinputCapacitance | 8 
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AC Electrical Characteristics* | 
Ta = 25°C, CL = 50 pF, RL = 200k, tro, and tro, = 20 ns, unless otherwise specified 


Symbol 


Conditions | Min | Typ | Max | Units 


RESET OPERATION 


tPHL, tPLH 








Propagation Delay Time 
Carry Out Line 







415 800 

160 320 

130 250 

Carry Out Line Vpop = 5V 240 480 

Vop = 10V CL = 15 pF 85 170 

Vop = 15V 70 140 

Decode Out Lines Vop = 5V 500 1000 

Vpp = 10V 200 400 

Vpp = 15V 160 320 

Minimum Reset Vpp = 5V 200 ~ 400 

Pulse Width Vpp = 10V 70 
Vop = 15V 55 
Minimum Reset Vop = 5V 75 

Removal Time Vpp = 10V 30 

Vpp = 15V 25 








*AC Parameters are guaranteed by DC correlated testing. 


Timing Diagrams 

















CD4017B 
CLOCK 
RESET 
CLOCK 
ENABLE 
bi 0 0 
q 1 ' 
OD spe Nee ee 


CARRY- et te Oe 
OUT 


TL/F/5950-3 
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Timing Diagrams (Continued) 


CD4022B 


RESET \ : SS 
CLOCK | \ Sn 
ENABLE 


TL/F/5950~-4 
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CD4017BM/CD4017BC/CD4022BM/CD4022BC 


Logic Diagrams 


Terminal No. 8 = GND 
Terminal No. 16 = Vop 


Terminal No. 16 = Vpp 
Terminal No. 8 = GND 


CD4017B 
pe 


TL/F/5950-5 


TL/F/5950-6 





National — 
Semiconductor 


CD4018BM/CD4018BC Presettable Divide-by-N Counter 


General Description 


The CD4018B consists of 5 Johnson counter stages. A buff- 
ered Q output from each stage, “CLOCK”, “RESET”, 
“DATA”, “PRESET ENABLE”, and 5 individual “JAM” in- 
puts are provided. The counter is advanced one count at 
the positive clock signal transition. A high RESET” signal 
clears the counters to an ‘ALL ZERO” condition. A high 
“PRESET ENABLE” signal allows information on the 
“JAM” inputs to preset the counter. Anti-lock gating is pro- 
vided to assure the proper counting sequence. 


Logic Diagram 


vl 
Se 


RITE 
sory 


Connection Diagram 


Dual-In-Line Package 


JAM PRESET 
ENABLE 


Vss 


TL/F/5951-2 
Top View 
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Features 
™ Wide supply voltage range 


@ High noise immunity 
m Low power TTL 
compatibility 


@ Fully static operation 


Applications 
m Fixed and programmable divide-by-10, 9, 8, 7, 6, 5, 4, 

3, 2 counter 
m@ Fixed and programmable counters greater than 10 
m Programmable decade counters 
@ Divide by. “N” counters/frequency synthesizers 


=a 


Order Number CD4018B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


3.0V to 15V 


0.45 Vpp (typ.) 
fan out of 2 driving 74L 
or 1 driving 74LS 


TL/F/5951-1 
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CD4018BM/CD4018BC 


Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions (note 2) 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


DC Supply Voltage (Vpp) —0.5V to +18 Voc 6 nite fraia Ts) 
erating Temperature Range 
Input Voltage (Vin) ~0.5 to Vpp + 0.5 Voc pi aoaent P GEUTA eee ene 
Storage Temperature Range (Ts) —65°C to + 150°C CD4018BC - ~40°C to +85°C 
Power Dissipation (Pp) : 
Dual-In-Line 700 mW 
Small Outline ; 500 mW 


Lead Temperature (T;) 
(Soldering, 10 seconds) 300°C 


Supply Voltage (Vpp) 3V to 15 Voc 
Input Voltage (Vin) OV to Vop Voc 


DC Electrical Characteristics cp40188m (Note —s 


ae 


’ 150 
veoe = 10V, Vacs = VpporVss ‘0 300 
Vop = 15V, Vin = Vpp or Vss 20 600 


0.05 0.05 0.05 
0.05 0.05 0.05 
0.05 0.05 0.05 


4.95 4.95 
5 9.95 is 9.95 
: : 14.95 15 14.95 
Low Level Input Voitage | Vpp = 5V, Vo = 0.5V or 4.5V 5 2.25 5 1.5 
Vpp = 10V, Vo = 1VorgV sa 4.5 so : 4 
; Vpp = 15V, Vo = 1.5V or 13.5V 6.75 


High Level Input Voltage {Vpp = 5V, Vo = 0.5V or 4.5V ; bs 
Vpp = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V ae ae 335 ao 
Low Level Output Current | Vpp = 5V, Vo = 0.4V 0.88 . _ 
(Note 3) Vpp = 10V, Vo = 0.5V 6 2.25 
Vop = 15V, Vo = 1.5V . 8.8 : A 
High Level Output Current | Vop = 5V, Vo = 4.6V . —0.88 ~0.36 
(Note 3) Vpp = 10V, Vo = 9.5V —2.25 —0.9 
Vop = 15V, Vo = 13.5V —8.8 -2.4 
Input Current Vpop = 15V, Vin = OV —0.1 —10—5| —0.1 —1.0] pA 
Vop = 15V, Vin = 15V 0.1 10-5 | 0.1 1.0 
DC Electrical Characteristics cp40188¢ (Note 2) 


Parameter Conditions | -4rc |  +25¢ 
eee eee aneteed meae eee 


Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 20 20 150 
Vpop = 10V, Vin = Vpp or Vss 40 40 300 
Vop = 15V, Vin = Vpp or Vss 80 80 600 
Low Level Output Voltage } |Iol < 1 pA 
Vpp = BV 0.05 0.05 0.05 
Vop = 10V 0.05 0.05 0.05 
| Vpp = 15V 0.05 0.05 0.05 
High Level Output Voltage | [lol < 1 pA 
Vpp = 5V 4.95 4.95 4.95 
Vpop = 10V 9.95 9.95 ~ 9.95 
Vpp = 15V 14.95 14.95} 15 14.95 
Low Level Input Voltage Vop = 5V, Vo = 0.5V or 4.5V 5 2.25 | 1.5 5 
. Vpp = 10V, Vo = 1V or 9V a0 45 | 3.0 aa 
Vpp = 15V, Vo = 1.5V or 13.5V 4.0 6.75 | 4.0 4.0 
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DC Electrical Characteristics cp4018Bc (Note 2) (Continued) 


ac ye [oe an [ 


High Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V A 3.5 2.75 
Vop = 10V, Vo = 1Vor9V A 7.0 5.5 
Vop = 15V, Vo = 1.5V or 13.5V : 8.25 


0.88 


Veee: = 10V, a= = 9.5V 
Vpp = 15V, Vo = 13.5V 


AC Electrical Characteristics* 
Ta = 26°C, C_ = 50 pF, R, = 200k, Input t, = ts = 20 ns, unless otherwise specified 


Symbol_[ ___Parameter___—_—_—‘(| Conditions| Min | Typ | Max 


CLOCK OPERATION 
tpHL tpLH Propagation Delay Time to Q 


tTHL tTLH Transition Time Q Outputs 

two twH Minimum Clock Pulse Width 

tacc tec. Clock Rise and Fall Time 
Minimum Data Input Set-Up Time 
Maximum Clock Frequency 


PRESET OR RESET OPERATION 


tPLH(R) Propagation Delay Time toQ 
tPHL(PR) 

tPLH(PR 

tWH(R) Minimum Preset or Reset 
twH(PR) Pulse Width 


Minimum Preset or Reset 
Removal Time 


Average Input Capacitance Any Input ae ie ee ee ee 
Power Dissipation Capacitance (Note 4) a a ee 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: lo, and Ion are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see ‘54C/74C Family Characteristics”, application 
note AN-90. 
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CD4018BM/CD4018BC 


Typical Performance Characteristics 


; Typical Transition Time vs C, 
3 


AMBIENT eh RATURE 
Ta =25°C 


triH — TRANSITION TIME (ns) 


HHL 


Typical Propagation Delay vs. C, 
AMBIENT TEMPERATURE| [1 
Ta = 25°C Ba 
| a 


tpHt = tpty — PROPAGATION DELAY TIME (ns) 


i El 


Cy - LOAD CAPACITANCE (pF) C, — LOAD CAPACITANCE (pF) 


External Connections 


External Connections for Divide by 10, 9, 8, 7, 
6, 5, 4, 3, 2, Operation 


Divide by 10 as 


Divide by 8 a4 
Divide by 6 a3 Connected Back 


Divide by 4 G2 To “DATA” Input 
Divide by 2 a1 


Divide by 9 


6 — com CONNECTED TO “DATA” INPUT 


1/4 MM54C08/MM74C08 
TL/F/5951-5 


Divide by 7 


emu TO “DATA” INPUT 


1/4 MM54C08/MM74C08 
‘ TL/F/5951-6 


Divide by 5 


a De CONNECTED TO “DATA” INPUT 


1/4 MM54C08/MM74C08 
TL/F/5951-7 


Divide by 3 


we) _eonnecren TO “DATA” INPUT 


1/4 MM54C08/MM74C08 
TL/F/5951-8 


TL/F/5951-3 TL/F/5951-4 


Timing Diagram 


CLOCK . ; 
RESET 


mee MSAASUEORREREREEL mt 


ia alamze 

r Poot 

JAM 3 DON'T CARE UNTIL PRESET GOES HIGH Ea PRT eke dea 
Pomgenne 

med) yy Oct 

JAM 5 


TL/F/5951-9 
Note: “Data” input tied to 5 for decade counter configuration 
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Semiconductor 


CD4019BM/CD4019BC Quad AND-OR Select Gate 


General Description 


The CD4019BM/CD4019BC is a complementary MOS quad 
AND-OR select gate. Low power and high noise margin 
over a wide voltage range is possible through implementa- 
tion of N- and P-channel enhancement mode transistors. 
These complementary MOS (CMOS) transistors provide the 
building blocks for the 4 “AND-OR select’ gate configura- 
tions, each consisting of two 2-input AND gates driving a 
single 2-input OR gate. Selection is accomplished by control 
bits Ka and Kg. All inputs are protected against static dis- 
charge damage. 


Connection and Schematic Diagrams 


Dual-In-Line Package 


A2 B2 


TL/F/5952-1 
Top View 


Schematic diagram for 1 of 4 identical stages 


Features 

@ Wide supply voltage range 

@ High noise immunity 

w Low power TTL 
compatibility 


3.0V to 15V 


0.45 Vpp (typ.) 
Fan out of 2 driving 74. 
or 1 driving 74LS 


Applications 
w AND-OR select gating 
@ Shift-right/shift-left registers 


_ @ True/complement selection 


w AND/OR/EXCLUSIVE-OR selection 


Order Number CD4019B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


D=(A Ka) +(8 Kp) 
N 


TL/F/5952-2 
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CD4019BM/CD4019BC 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vij) —0.5V to Vpp +0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 

Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operation 
Conditions (note 2) 

DC Supply Voltage (Vpp) 

Input Voltage (Vin) 


Operating Temperature Range (T A) 
CD4019BM oa 
CD4019BC 


+3V to +15V 
OV to Vop V 


—55°C to + 125°C 
—40°C to +85°C 


DC Electrical Characteristics cp40198M (Note 2) 


Quiescent Device | Vpp = 5V 0.25 
Current Vop = 10V 0.5 
Vpp = 15V 1.0 

V A 


llol < 1 pA 
Vop = 5 
Vop = 10V 
Vpp = 15V 
llol < 1 pA 
Vop = 5V 
Vpp = 10V 
Vop = 15V 


Nop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vpp = 5V, Vo = 0.5V or 4.5V 


Low Level 
Output Voltage 


High Levei 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output 
Current (Note 3) 


Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 


Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 
Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Input Current 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 


operation. 
Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 
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‘ should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 





DC Electrical Characteristics cp40198¢ (Note 2) 


Parameter Conditions | ssc | 25+ 125°C 
| __eentons | Min | Typ | Max | Min | Max | 


Quiescent Device | Vop = 5V 0.03 
Current Vop = 10V 0.05 
Vop = 15V 0.07 


Low Level 
Output Voltage 


J08610709/WN86l07dd 


High Level 
Output Voltage 4.95 
9.95 


Low Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 
High Level Vop = 5V, Vo = 0.5V or 4.5V 3.5 


Input Voltage Vpp = 10V, Vo = 1.0Vor9.0V | 7.0 7.0 
Vpp = 15V, Vg = 1.5V or 13.5V | 11.0 11.0 
1 


Low Level Output | Vop = 5V, Vo = 0.4V 0.44 1 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 1. 2.5 9 
Vop = 15V, Vo = 1.5V 3.0 10 2.4 
High Level Output | Vop = 5V, Vo = 4.6V —0.16} —0.4 -0.12 
Current (Note 3) | Vpp = 10V, Vo = 9.5V —0.4 | —1.0 -0.3 
Vop = 15V, Vo = 13.5V -—12} -—3.0 —1.0 
Input Current Vop = 15V, Vin = OV —0.30 —0.30 —1.0 
Vop = 15V, Vin = 15V 0.30 0.30 1.0 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: Io} and Io, are tested one output at a time. 





AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, Ry. = 200k, unless otherwise specified 


Conditions | Min | typ | Max 


Propagation Delay, 
Input to Output 


High-to-Low Level 
Transition Time 


Low-to-High Level 
Transition Time 


Input Capacitance All A and B Inputs 7.5 
Ka and Kg Inputs 15 


*AC Parameters are guaranteed by DC correlated testing. 
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National © 
Semiconductor 


CD4020BM/CD4020BC 


14-Stage Ripple Carry Binary Counters 


CD4040BM/CD4040BC 


12-Stage Ripple Carry Binary Counters 


CD4060BM/CD4060BC 


14-Stage Ripple Carry Binary Counters 


General Description 


The CD4020BM/CD4020BC, CD4060BM/CD4060BC are 
14-stage ripple carry binary counters, and the CD4040BM/ 
CD4040BC is a 12-stage ripple carry binary counter. The 
counters are advanced one count on the negative transition 
of each clock pulse. The counters are reset to the zero state 
by a logical ‘1” at the reset input independent of clock. 


Connection Diagrams 


Dual-In-Line Package 
CD4020BM/CD4020BC 
Qg Qg RESET 44 


Og Q5 04 
TL/F/5953-1 
Top View 


Dual-In-Line Package 
CD4040BM/CD4040BC 
Qg Og RESET of 4 
10 $9 


15 14 13 12 11 


2 3 4 5 6 


Q7 Q4 03 Q2 Vss 
TL/F/5953-2 


7 8 





Top View 


Features 

m@ Wide supply voltage range 

@ High noise immunity 

m Low power TTL 
compatibility 

@ Medium speed operation 


1.0V to 15V 


0.45 Vpp (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 

8 MHz typ. at Vpp = 10V 


’@ Schmitt trigger clock input 


Order Number cD4020B", CD4040B* or CD4060B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Dual-In-Line Package 
CD4060BM/CD4060BC 


Q5 RESET 44 ¢0 0 40 
10 9 


15 14 13 12 11 


2 3 4 5 6 


Qg 5 Q4 = Vsg 


7 8 





TL/F/5953-3 
Top View 
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Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semlconductor Sales Office/ 
Distributors for availabillty and specifications. 


Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vix) —0.5V to Vpp +0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 


Recommended Operating 


Conditions 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD40XXBM 
CD40XXBC 


OV to Vop 


—55°C to + 125°C 
—40°C to + 85°C 


+3V to +15V_ 


Package Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature (T_) 
(Soldering, 10 seconds) 260°C 


700 mW 
500 mW 


DC Electrical Characteristics cp4oxxsm (Note 2) 


Quiescent Device Current | Vpp = 5V, Vin = Vopp or Vss 
Vpop = 10V, Vin = Vpp or Vss 
Vpop = 15V, Vin = Vpp or Vss 


Conditions 


Low Level Output Voltage | Vpp = 5V 


High Level Output Voltage Vop = 5V 


Low Level Input Voltage [Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 


Vpp = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 

High Level Output Current | Vpp = 5V, Vo = 4.6V 


(See Note 3) Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


08090709/INE0907G9/D80r0Pd9/N0r0Pd9/98020FG9/NE0c0rdd 


Note 1: “Absolute Maximum Ratings” are those values Sani which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3; Data does not apply to oscillator points 9 and $o of CD4060BM/CD4060BC. toy and Io, are tested one output at a time. 


DC Electrical Characteristics 40xxsc (Note 2) 





Quiescent Device Current | Vop = 5V, Vin = Vpp or Vss 
Vpp = 10V, Vin = Vpp or Vss 


Vpp = 15V, Vin = Vpp or Vss 
Low Level Output Voltage 





5-71 


CD4020BM/CD4020BC/CD4040BM/CD4040BC/CD4060BM/CD4060BC 


DC Electrical Characteristics 40xxsc (Note 2) (Continued) 


High Level Output Voltage | Vpp = 5V : 4.95 4,95 
9.95 9.95 


14.95 14.95 
Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 


2 
4 
Vop = 15V, Vo = 1.5V or 13.5V 6 
High Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V : 3.5 
Vpop = 10V, Vo = 1.0V or 9.0V ‘ 7.0 
Vop = 16V, Vo = 1.5V or 13.5V : 11.0 
Low Level Output Current |} Vpp = 5V, Vo = 0.4V 0.44 
(See Note 3) Vpp = 10V, Vo = 0.5V 11 
Vop = 15V, Vo = 1.5V 3.0 
_| High Level Output Current | Vpp = 5V, Vo = 4.6V 
(See Note 3) Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


AC Electrical Characteristics* cps0208m/cp4020B¢, CD4040BM/CD4040BC 
Ta = 25°C, C_ = 50 pF, Ri = 200k, t; = tp = 20 ns, unless otherwise noted 


Symbol Conditions | Min | Typ | Max | Units 


tpHL tPLH Interstage Propagation Delay Time 
from Qn toQn+1 : 


tpHL1» tpLH4 Propagation Delay Time to Q, = 250 
” 
ei 


trou tTLH Transition Time 
twi twH Minimum Clock Pulse Width 


trot, tio Maximum Clock Rise and Fall Time No Limit 
ae id No Limit 
No Limit 


fot Maximum Clock Frequency = MHz 


MHz 

MHz 
tPHL(R) Reset Propagation Delay = _ 200 450 
= 100 210 
80 170 
twH(R) Minimum Reset Pulse Width = 200 450 
100 — 210 
= 80 170 


Cin Average Input Capacitance Any Input ae i a ee ee 
Cog PowerDissipationCapacitance |_| S| 80 |S 


*AC Parameters are guaranteed by DC correlated testing. 
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AC Electrical Characteristics* cp4osopm/cp4060Bc 
Ta = 25°C, CL = 50 pF, Ry = 200k, t, = ty = 20 ns, unless otherwise noted 


Symbol Conditions tin | tye | mex | Units 


tpHLa, tpl Propagation Delay Time to Q4 

tpHL tpLH Interstage Propagation Delay Time 
from Qpy to Qn+ 4 

trHu tTLH Transition Time 


twL twH Minimum Clock Pulse Width 


trots tic Maximum Clock Rise and Fall Time = No Limit 
No Limit 
No Limit 
for Maximum Clock Frequency 


tPHL(R) ’ Reset Propagation Delay 


twH(R) Minimum Reset Pulse Width 


Cin Average Input Capacitance Any Input a a eT | 
Cog PowerDissipationCapacitance | Ss | S| 0 | 


*AC Parameters are guaranteed by DC correlated testing. 


CD4060B Typical Oscillator Connections 


RC Oscillator Crystal Oscillator 


TO COUNTER JO COUNTER 
STAGES ‘A 


TL/F/5953-4 


TL/F/5953-5 
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TL/F/5953-6 
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chematic Diagrams 


S 


98090709/N8090709/980r0'GD/NG0P0bd9/98020'd9/INE0Z0Pdd 


TL/F/5953-7 


CD4060BM/CD4060BC Schematic Diagram 


TL/F/5953-8 
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CD4021BM/CD4021BC 8-Stage Static Shift Register 


General Description 


The CD4021BM/CD4021BC is an 8-stage parallel input/se- 
rial output shift register. A parallel/serial control input en- 
ables individual JAM inputs to each of 8 stages. Q outputs 
are available from the sixth, seventh, and eighth stages. All 
outputs have equal source and sink current capabilities and 
conform to standard ‘‘B” series output drive. 


When the parallel/serial control input is in the logical “0” 
state, data is serially shifted into the register synchronously 
with the positive transition of the clock. When the parallel/ 
serial control is in the logical ‘'1” state, data is jammed into 
each stage of the register asynchronously with the clock. 


All inputs are protected against static discharge with diodes 
to Vpp and Vgs. 


Connection Diagram 


Features 

m@ Wide supply voltage range 
a High noise immunity 

mw Low power TTL compatibility 


3.0V to 15V 


0.45 Vpp (typ.) 


Fan out of 2 driving 
74L or 1 driving 74LS 


w 5V-10V-15V parametric ratings 

m= Symmetrical output characteristics 

m Maximum input leakage 1 pA at 15V over full tempera- 
ture range 


Dual-In-Line Package 


ADDRESS INPUTS 


SER 


PAR IN 
TL/F/5954-1 


Top View 
Order Number CD4021B* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Parallel/ 
Serial 
Control 


*Level change 
X = Don't care case 
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CD4021BM/CD4021BC 


Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions (Note 2) 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. Supply Voltage (Vpp) 3V to 15V 
Input Voltage (Vin) 0 to Vop 


Supply Voltage (Vpp) —0.5V to +18V pains as (Ta) 

erating Temperature Range 
Input Voltage (Vin) —0.5V to Vpp +0.5V Coa PO cake ae als 
Storage Temperature Range (Ts) —65°C to + 150°C CD4021BC —40°C to + 85°C 
Power Dissipation (Pp) 


. Dual-In-Line 700 mW 
Small Outline 500 mW 


Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp4021BM (Note 2) 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 
Current Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


Low Level Vpp = 5V 
Output Voltage | Vpp = 10V ¢ IIol <1 pA 
Vop = 15V 


High Level Vpp = 5V 

Output Voltage | Vpp = 10V } lol < 1 pA 
Vop = 15V 

Low Level Vop = 5V, Vo = 0.5V or 4.5V 

Input Voltage Vop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


High Level Vop = 5V, Vo = 0.5V or 4.5V 3.5 
Input Voltage Vop = 10V, Vo = 1.0V or 9.0V 7.0 
Vpp = 15V, Vo = 1.5V or 13.5V | 11.0 


<<</<<<i<c<c<cj<cc< 


Low Level Output | Vop = 5V, Vo = 0.4V 0.64 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 1.6 
Vop = 15V, Vo = 1.5V 


High Level Output | Vop = 5V, Vo =:4.6V 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vop = 16V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


DC Electrical Characteristics cp4021B¢ (Note 2) 


| -arc | +asc | tac 

Parameter Conditions 

j Paamar | Min | Max | Min | typ | Max | Min | Max | 
0.1 20 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 20 150 
Current Vop = 10V, Vin = Vpp or Vss 40 
Vop = 15V, Vin = Vpp or Vss 80 


Low Level Vpp = 5V 0.05 
Output Voltage Vop = 10V ¢ |lol <1 pA 0.05 
Vop = 15V 0.05 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: loy and Io, are tested one output at a time. 
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DC Electrical Characteristics cp40218¢ (Note 2) ome 


SESEFE 
eae Min | 


Vpp = 5V | 4.95 4.95 4.95 
Vop = 10V ¢ |Iol <1 pA 9.95 9.95 i 9.95 
Vpp = 15V 14,95 14.95{ 15° 

1.5 


Low Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vpp = 10V, Vo = 1.0V or 9.0V 3.0 
Vpop = 15V, Vo = 1.5V or 13.5V 4.0 


High Level Vop = 5V, Vo = 0.5V or 4,5V 
Input Voltage Vpop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output] Vop = 5V, Vo = 4.6V 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 
AC Electrical Characteristics* 1, = 25°c, inputt,, t = 20ns,C, = 50 pF, RL = 200 kn 


Symbol -—__Parameter_] _Conaions _|_win_{_typ_{| Max 


tpi, tpHL Propagation Delay Time 


<<<jc<c<c{<<cc< 


tTHL tTLH Transition Time 


Maximum Clock 
Input Frequency 


tw Minimum Clock 
Pulse Width 


tCL, tCL Clock Rise and 
Fall Time (Note 4) 


Minimum Set-Up Time 
Serial Input 
ty = 200ns 
(Ref. to CL) 


Parallel Inputs 
ty = 200 ns 
(Ref. to P/S) 


*AC Parameters are guaranteed by DC correlated testing. 
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CD4021BM/CD4021BC 


AC Electrical Charateristics* 1, = 25°c, inputt,, t| = 20 ns,C, = 50 pF, RL = 200 kQ (Continued) 


preter Tans [Toe Te 


Minimum Hold Time 
Serial In, Parallel In, t, = 400 ns 
Parallel/Serial Control 


Minimum P/S 
Pulse Width 


Minimum P/S Removal 
Time (Ref. to CL) 


Average Input Capacitance Any Input ae eT 


Power Dissipation 
Capacitance (Note 5) 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 


Note 2: Vsg = OV unless otherwise specified. 

Note 3: lox and Io, are tested one output at a time. 3 
Note 4: If more than one unit is cascaded t,CL should be made less than or equal to the fixed propagation delay of the output of the driving stage for the 
estimated capacitive load. 


Note 6: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C family chaiscterietics application 
note AN-90. 


Logic Diagram 


SERIAL! 


TL/F/5954~2 
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Typical Performance Characteristics 
35 


Cael 
AB 
“OA 
alo aenainialy 

“este CCE 
cs ee 
ppee 


0 35 
0 2 4 6 8 10 12 14 16 18 18 16 1412 10 8 6 4 2 0 


tpp > PROPRAGATION DELAY (ns) 


Vour (V) Vee= Your (V) 
TL/F/5954-3 TL/F/5954-4 





50 75 100 125 150 175 


C, ~ LOAD CAPACITANCE (pF) 
TL/F/5954-5 
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CD4023C/CD4023M/CD4025C/CD4025M 


National - 
Semiconductor 


CD4023M/CD4023C Triple 3-Input NAND Gate 
CD4025M/CD4025C Triple 3-Input NOR Gate 


General Description Features 


These triple gates are monolithic complementary MOS  ™ Wide supply voltage range 3.0V to 15V 
(CMOS) integrated circuits constructed with N- and P-chan- =m High noise immunity 0.45 Vop (typ.) 
nel enhancement mode transistors. All inputs are protected m 5V-10V parametric ratings 

against static discharge with diodes to Vpp and Vss. m Low power 


Connection Diagrams 


Dual-In-Line Packages 


CD4023M/CD4023C CD4025M/CD4025C 


TL/F/5955-1 TL/F/5955-2 
Top View Top View 


Order Number CD4023* or CD4025* 


*Please look into Section 8, Appendix D for availability of various package types. 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Voltage at Any Pin Vss— to Vpp + 0.3V 


Operating Temperature Range 
CD4023M, CD4025M — 55°C to + 125°C 
CD4023C, CD4025C —40°C to + 85°C 


Storage Temperature Range —65°C to + 150°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mW 

Small Outline 500 mW 
Operating Vpp Range Vsg +3.0V to Vgg +15V 
Lead Temperature 

(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp4023m, cp4025M . 


Limits 
_ Parameter | -ssc | +2ec | +1258 
[Min [Max| min | typ |Max| min | Max| 


Quiescent Device Vop = 5.0V 
Current Vpp = 10V 


0.001 
0.001 


Quiescent Device Vpp = 5.0V 0.25 0.005 15 
Dissipation/Package Vop = 10V 1.0 0.01 60 


Output Voltage Vop = 5.0V, Vj = Vpp, lo = 0A 0.05 0.05 0.05 
Low Level Vpp = 10V, Vi = Vpp, lo = 0A 0.05 0.05 0.05 


Output Voltage Vop = 5.0V, Vj = Vss, lo = 0A 4.95 4.95 | 5.0 4.95 
High Level Vpp = 10V, Vi = Vgs, lo = OA 9.95 9.95 | 10 9.95 
Noise Immunity Vpp = 5.0V, Vo = 3.6V, lo = 0A 1.5 2.25 1.4 
(All Inputs) Vpp = 10V, Vo = 7.2V, lo = OA 3.0 4.5 2.9 
Noise !mmunity Vop = 5.0V, Vo = 0.95V, Io = OA} 1.4 1.5 | 2.25 1.5 
(All Inputs) Vpp = 10V, Vo = 2.9V, lo = OA 2.9 3.0 | 4.5 3.0 


Output Drive Current Vpp = 5.0V, Vo = 0.4V, V) = Vpp 0.40 0.28 

N-Channel (4025) (Note 2) | Vpp = 10V, Vo = 0.5V, Vi = Vpp 0.9 0.65 

Output Drive Current Vpp = 5.0V, Vo = 2.5V, Vi = Vsg | —0.62 —2.0 —0.35 
P-Channel (4025) (Note 2) | Vop = 10V, Vo = 9.5V, V;} = Vsg | —0.62 —1.0 —0.35 
Output Drive Current Vpp = 5.0V, Vo = 0.4V, Vi = Vpp} 0.31 0.25 0.175 
N-Channel (4023) (Note 2) | Vpp = 10V, Vo = 0.5V, Vi = Vpp | 0.63 0.5 0.35 

Output Drive Current Vop = 5.0V, Vo = 2.5V, V| = Vgs } —0.31 —0.25} —0.5 

P-Channel (4023) (Note 2) | Vpp = 10V, Vo = 9.5V, Vi = Vsg | —0.75 —0.6 | —1.2 





Input Current ees 


—0.175 Ld 
—0.4 
[Se ee Sa a 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and ‘‘Electrical Characteristics” provide conditions for actual device 


operation. 
Note 2: IpN and IpP are tested one output at a time. 
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CD4023C/CD4023M/CD4025C/CD4025M 


DC Electrical Characteristics cp4023c, cb4025c 


Limits 
Parameter Conditions 
Quiescent Device Vpp = 5.0V 
Current Vpp = 10V 
Quiescent Device Vop = 5.0V 
Dissipation/Package Vop = 10V 
Output Voltage Vop = 5.0V, V; = Vop, lo = OA 
Low Level Vpp = 10V, V; = Vpp. lo = 0A 
Vop = 5.0V, V; = Vss, lo = 0A 
Vop = 10V, V; = Vss, Ilo = OA 


Output Voltage 
High Level 


Input Current | 
Noise Immunity Vop = 5.0V, Vo = 3.6V, lo = OA 
(All Inputs) Vop = 10V, Vo = 7.2V, lo = 0A 
Noise Immunity Vop = 5.0V, Vo = 0.95V, lo = OA 
(All Inputs) Vpp = 10V, Vo = 2.9V, lo = 0A 
Output Drive Current 

N-Channel (4025) (Note 2) | Vpp = 10V, Vo = 0.5V, V) = Vop 
Output Drive Current Vop = 5.0V, Vo = 2.5V, Vi = Vss 
P-Channel (4025) (Note 2) | Vpp = 10V, Vo = 9.5V, Vi = Vss 
Output Drive Current 

N-Channel (4023) (Note 2) | Vpp = 10V, Vo = 0.5V, Vi = Vpp 


Output Drive Current 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. : 


Note 2: IpN and IpP are tested one output at a time. 
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AC Electrical Characteristics” tT, = 25°c, c, = 15 pF, and input rise and fall times = 20 ns. Typical 
temperature coefficient for all values of Vpp = 0.3%/°C 


Symbol Conditions| min | typ | Max | Units 


CD4025M 

Propagation Delay Time Vpop = 5.0V 
High to Low Level Vpp = 10V 
Propagation Delay Time Vpop = 5.0V 
Low to High Level Vop = 10V 
Transition Time Vop = 5.0V 
High to Low Level Vop = 10V 
Transition Time Vpp = 5.0V 
Low to High Level Vop = 10V 
Input Capacitance Anyinput | | so | 
Propagation Delay Time Vop = 5.0V 
High to Low Level Vpop = 10V 
Propagation Delay Time Vop = 5.0V 
Low to High Level Vpop = 10V 
Transition Time Vop = 5.0V 
High to Low Level Vop = 10V 
Transition Time Vpp = 5.0V 
Low to High Level © Vop = 10V 
Input Capacitance Anyinput | S| _so | 
Propagation Delay Time Vpp = 5.0V 
High to Low Level Vpp = 10V 
Propagation Delay Time Vop = 5.0V 
Low to High Level Vop = 10V 


WS20709/9S20PG9/INE20PGD/DEc0PGD 


CD4025C 


CD4023M 


Transition Time Vop = 5.0V 
High to Low Level Vop = 10V 
Transition Time Vop = 5.0V 
Low to High Level Vop = 10V 


Input Capacitance Any Input 


CD4023C 
Propagation Delay Time Vpp = 5.0V 
High to Low Level Vpp = 10V 
Propagation Delay Time Vpp = 5.0V 
Low to High Level Vpp = 10V 
Transition Time Vpp = 5.0V 
High to Low Level Vpp = 10V 
Transition Time Vpp = 5.0V 
Low to High Level Vpp = 10V 
Input Capacitance Any Input en ee 


*AC Parameters are guaranteed by DC correlated testing. 
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CD4023BM/CD4023BC/CD4025BM/CD4025BC 


National | 
Semiconductor 


CD4023BM/CD4023BC 


Buffered Triple 3-Input NAND Gate 


CD4025BM/CD4025BC 


Buffered Triple 3-Input NOR Gate 


General Description 


These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan- 
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se- 
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. All inputs are protected against static discharge 
with diodes to Vpp and Vgs. 


Connection Diagrams 


CD4023BM/CD4023BC 
Dual-In-Line Package 


Vss 
TL/F/5956-1 
Top View 


Features 
mw Wide supply voltage range 
B® High noise immunity 
m Low power TTL 
compatibility 
gw 5V-10V-—15V parametric ratings 
= Symmetrical output characteristics 


@ Maximum input leakage 1 A at 15V over full 
temperature range 


3.0V to 15V 


0.45 Vop (typ.) 


fan out of 2 driving 74L 
or 1 driving 74LS 


CD4025BM/CD4025BC 
Dual-In-Line Package 


TL/F/5956-2 
Top View 


Order Number CD4023B* or CD4025B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ 
Distributors for availability and specifications. 
DC Supply Voltage (Vpp) —0.5 Vpc to +18 Voc 
Input Voltage (Vij) —0.5 Voc to Vpp + 9.5 Voc 
Storage Temp. Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-in-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4023BM, CD4025BM 
CD4023BC, CD4025BC 


5 Voc to 15 Voc 
0 Vpc to Vpp Voc 


—55°C to + 125°C 
— 40°C to + 85°C 


DC Electrical Characteristics co40238m, cb4025BM (Note 2) 


Parameter Conditions | -ssc | +25 + 125°C 

ee ee eee ere 
75 
15 
30 


Quiescent Device Current | Vpp = 5V 
Vop = 10V 
Vpp = 15V 
Low Level Output Voltage | Vpp = 5V 
Vpp = 10V 
Vpp = 15V 


High Level Output Voltage} Vpp = 5V 

Vop = 10V 

Vpop = 15V 14.95 
Low Level Input Voltage | Vpp=5V, Vo =4.5V 

Vpp=10V, Vo=9.0V_ + |Iol<1pA 

Vpp= 15V, Vo= 13.5V 
High Level Input Voltage |Vpp=5V, Vo=0.5V 

Vpp = 10V, Vo=1.0V ¢ |Iol<1pA 

Vop = 15V, Vo=1.5V 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 
(Note 3) Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
High Level Output Current} Vpp = 5V, Vo = 4.6V 
(Note 3) Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 
Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Schematic Diagram 





0.25 
0. 0.005 
1 


5 
0 0.006 

0.05 
0.05 0.05 
0.05 0.05 

4.95 4.95 

9.95 9.95 

14.95 14.95 


0.004 


0.05 
0.05 
0.05 


0.05 


4.95 
9.95 


0.36 
0.90 
2.4 


—0.64 —0.51] —0.88 —0.36 
—1.6 -1.3} —2.2 —0.90 
—4.2 —3.4| —8 —2.4 
—0.10 —10—5] —0.10 
0.10 10-5 | 0.10 


CD4023BC/CD4023BM 


Yop 
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oid 
J=A-BC 


i. 
ie 


¥, Device Shown 


*All Inputs Protected 
by Standard CMOS Input 
Protection Circuit. 


TL/F/5956-3 
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CD4023BM/CD4023BC/CD4025BM/CD4025BC 


DC Electrical Characteristics cp40238¢, cb4025Bc (Note 2) 


Quiescent Device Current 
Low Level Output Voltage 
High Level Output Voltage 
Low Level Input Voltage 
High Level Input Voltage 
Low Level Output Current 


(Note 3) 


High Level Output Current 
(Note 3) 


Input Current 


Cin [ye [wn | tye [wax] win [wax 


Vop = 5V 1.0 0.004 | 1.0 7.6 
15 
30 


2.0 0.005 | 2.0 

4.0 0.006 | 4.0 
0.05 
0.05 


_ Conditions 


0.05 
0.05 


Vpop= 5V, Vo=4.5V 
Vpop= 10V, Vo=9.0V 


1.5 
llol<1pA co 
Vpop= 15V, Vo= 13.5V 


Vpp = 5V, Vo=0.5V 3.5 
Vpp= 10V, Vo=1.0V ¢ |Iol|<ipA} 7.0 
Vpp= 15V, Vo=1.5V 11.0 a - 
ace a 


Vop=5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 
Vpp = 15V, Vin = OV 
Vpp = 15V, Vin = 15V 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and ‘Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: Io and Io, are tested one output at a time. 


Schematic Diagram 


CD4025BM/CD4025BC 


Yop 
4 Device Shown 


*All Inputs Protected 
by Standard CMOS Input 
Protection Circuit. 


_J 
J=A+B4C 


TL/F/5956-4 
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AC Electrical Characteristics’ 1, = 25°c, CL = 50 pF, R, = 200k, unless otherwise specified 


CD4023BC CD4025BC 
Parameter Conditions CD4023BM CD4025BM 


tn | tye | ex | wn ye | a 


Propagation Delay, High-to-Low Level = i 250 130 
= 100 sie 
70 : 


Propagation Delay, Low-to-High Level : = 250 
100 
70 


Transition Time = 200 
ee 


ee SS 
[Power Dissipation Capaciy Notes) | aeate | |] | | 7 | _ 


*AC Parameters are guaranteed by DC correlated testing. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application 
Note AN-90. 


98S20700/IaSz0rad/Daez0rao/WEEz0rad 
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CD4024BM/CD4024BC 


National © 
Semiconductor 


CD4024BM/CD4024BC 
7-Stage Ripple Carry Binary Counter 


General Description 


The CD4024BM/CD4024BC is a 7-stage ripple-carry binary 
counter. Buffered outputs are externally: available from 
stages 1 through 7. The counter is reset to its logical ‘0” 
stage by a logical “1” on the reset input. The counter is 
advanced one count on the negative transition of each 
clock pulse. 


Connection Diagram 


Dual-In-Line Package 


INPUT RESET a7 ag 


PULSES 


Top View 


Schematic Diagrams 


Features 

Wide supply voltage range 

@ High noise immunity | 

m Low power TTL 
compatibility 

m High speed 


3.0V to 15V 


0.45 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


12 MHz (typ.) 
input pulse rate Vop — Vsg = 10V 
m@ Fully static operation 


Order Number CD4024B* 


*Please took into Section 8, Appendix D 
for availability of various package types. 


TL/F/5957~1 


OUTPUT 


TO NEXT 
STAGE 


TL/F/5957-3 


Input Logic 


Flip-flop logic (1 of 7 identical stages). 


TL/F/5957-4 
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Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions (note 2) 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. we piety ae (pp) * 4 ne ie 
DC Supply Voltage (Vpp) ~0.5 to +18 Voc ini . ee IN) popes VDD YDC 
erating Temperature Range 

Input Voltage (Vin) —0.5 to Vop +0.5 Voc CUADSsan P g A —55°C to +125°C 
Storage Temperature Range (Ts) —65°C to + 150°C CD4024BC —40°C to +85°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mW 

Small Outline 500 mW 
Lead Temp. (Soldering, 10 sec.) (T,) 260°C 


Jdrc0rdo/Ndbc0rdd 


DC Electrical Characteristics co4024Bm (Note 2) 
| -ssc | tase | + 125°C | 
i [we [ye [a 


Quiescent Device Current | Vpp = 5V 150 
io 300 
20 600 


Low Level Output Voltage 
0.05 0.05 
0.05 
0.05 


High Level Output Voltage 


Low Level Input Voltage 
Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage 
Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 
(Note 3) Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current | Vpp = 5V, Vo = 4.6V 
(Note 3) Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Quiescent Device Current 





Low Level Output Voltage 


High Level Output Voltage 
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CD4024BM/CD4024BC 


DC Electrical Characteristics cp40248c (Note 2) (Continued) 


se | -arc | tac | tare | 
| min | Max | min | typ | Max | Min | Max | 
Low Level Input Voltage | |lo|<1 pA . 
Vop = 5V, Vo = 0.5V or 4.5V 1.6 2 
Vpp = 10V, Vo = 1.0V or 9.0V 50 4 
Vpp = 15V, Vo = 1.5V or 13.5V 6 
High Level Input Voltage | |lo|<1 pA 
Vop = 5V,Vo = 0.5V0r4.5V | 3.5 3.5 
Vpp = 10V, Vo = 1.0Vor9.0v | 7.0 7.0 
Vop = 15V, Vo = 1.5V0r13.5V; 11.0 11.0 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 0.44 | 0.88 
Vop = 10V, Vo = 0.5V 3 1.1 2.25 
Vop = 16V, Vo = 1.5V : 3.0 8.8 


High Level Output Current] Vpp = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 16V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, Ry = 200k, t, and t; = 20 ns unless otherwise specified 


symbol__| Parameter | Gondiitions__| Min | Typ | Max | Units 


teHL,s tpLy Propagation Delay Time 
to Q1 Output 
trHe tTLH Transition Time 
two twH Minimum Input Pulse Width’ 
tac, tec Input Rise and Fall Time 
fo. Maximum Input Pulse Frequency 


tPHL Reset Propagation Delay Time 


twWH Reset Minimum Pulse Width 


= 70 
Cin Input Capacitance (Note 4) Any Input a i a ee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 
Note 4: Capacitance is guaranteed by periodic tesing. 
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Logic Diagram 
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Terminal no. 14 to Vpp 
Terminal no. 7 to Vsg 


TL/F/5957-2 
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CD4027BM/CD4027BC 


National | 
Semiconductor 


CD4027BM/CD4027BC Dual J-K Master/Slave 
Flip-Flop with Set and Reset 


General Description Features 

These dual J-K flip-flops are monolithic complementary ™ Wide supply voltage range 3.0V to 15V 
MOS (CMOS) integrated circuits constructed with N- and P- = High noise immunity 0.45 Vpp (typ.) 
channel enhancement mode transistors. Each flip-flop has =m Low power TTL - Fan out of 2 driving 74L 
independent J, K, set, reset, and clock inputs and buffered compatibility or 1 driving 74LS 
Q and Q outputs. These flip-flops are edge sensitive to the —_™ Low power 50 nW (typ.) 
clock input and change state on the positive-going transition = tedium speed operation 12 MHz (typ.) 
of the clock pulses. Set or reset is independent of the clock with 10V supply 
and is accomplished by a high level on the respective input. 

All inputs are protected against damage due to static dis- 

charge by diode clamps to Vpp and Vss. 


Schematic and Connection Diagrams 


TL/F/5958-1 


Dual-In-Line Package 
Q1 = =CLOCK1 RESET1 KI 


Order Number CD4027B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


CLOCK2 RESET2 K2 
TL/F/5958-2 
Top View 
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Absolute Maximum Ratings (note 1 and 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallability and specifications. 
DC Supply Voltage (Vpp) —0.5 Voc to +18 Voc 
Input Voltage (Vin) —0.5V to Vop + 0.5 Voc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4027BM 
CD4027BC 


3V to 15 Voc 
OV to Vop Voc 


— 55°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics cp4027BM (Note 2) 


Conditions 


Quiescent Device Current] Vpp = 5V, Vin = Vpp or Vss 


Vop =.10V, Vin = Vpp or 
Vop = 15V, Vin = Vpp or 


Low Level 
Output Voitage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Vop = 5V, Vo = 0.4V 
Vpop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


Vss 
Vss 


Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 
Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


| -ssc | tac | +126 


Vv 
Vv 
V 
Vv 
Vv 
Vv 
Vv 
Vv 
Vv 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 


operation. 
Note 2: Vssg = OV unless otherwise specified. 
Note 3: loy and lo, are tested one output at a time. 
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CD4027BM/CD4027BC 


DC Electrical Characteristics cp40278c (Note 2) 


Quiescent Device Current! Vpp = 5V, Vin = Vpp or Vss 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level . 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vop or Vss 


lol < 1 pA 
Vpp = 5V 

Vpp = 10V 
Vpop = 15V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 
Vop = 5V, Vo = 0.4V 

Vpop = 10V, Vo = 0.5V 

Vop = 15V, Vo = 1.5V 

Vop = 5V, Vo = 4.6V 

Vpp = 10V, Vo = 9.5V 


Vpp = 15V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: Io} and Io, are tested one output at a time. 
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4.95 5 
9.95 10 
14.95 15 
1.5 F 
3.0 A 
4.0 4.0 
3.6 
7.0 
11.0 
0.44 0.88 
1.1 2.25 
3.0 8.8 








AC Electrical Characteristics* Ta = 25°C, CL = 50PF, tro. = ticL = 20 ns, unless otherwise specified 


Symbol |__arameter_| condone _}_win_| typ _{_Max_ Units 


tpHL OF tpLH Propagation Delay Time 
from Clock to Q orQ 


tpHL Or tpLH Propagation Delay Time 
from Set to Q or Reset to Q 


tpHL OF tpLH Propagation Delay Time 
from Set to Q or 
Reset toQ 


Minimum Data Setup Time 
trHt OF trLH Transition Time 


for Maximum Clock Frequency 
(Toggle Mode) 


tro OF tot Maximum Clock Rise 
and Fall Time 


tw Minimum Clock Pulse 
Width (twH = tw) 


Minimum Set and 
Reset Pulse Width 


Cin Average Input Capacitance Any Input ae 


Cpp Power Dissipation Capacity Per Flip-Flop 
(Note 4) 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The table of “Recommended Operating Conditions” and ‘Electrical Characteristics” provides conditions for actual 
device operation. 


4 
4 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and fo, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application 
note, AN-90. 
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CD4027BM/CD4027BC 


Typical Applications 


Ripple Binary Counters 


COUNTER 
ENABLE 


TL/F/5958-3 


Shift Registers 


TL/F/5958-4 


Truth Table 


A 


O 
O 
| 
| 
(No Change) 
oO 


-~-~oOo00000j;2% 


a 
= a 
Se 
Se 
NS 
X 
X 
X 


xx x x<x—-x«KOx 


Where: {| = High Level 

= Low Level 

= Level Change 

= Don't Care 

= tn-1 refers to the time interval prior to the positive clock pulse transition 
=t 


| 
ie) 
a 
X 
e 
. in refers to the time intervals after the positive clock pulse transition 





National | 
Semiconductor 


CD4028BM/CD4028BC BCD-to-Decimal Decoder 


General Description Features 


The CD4028BM/CD4028BC is a BCD-to-decimal or binary- | Wide supply voltage range 3.0V to 15V 
to-octal decoder consisting of 4 inputs, decoding logic m™ High noise immunity 0.45 Vpp (typ.) 
gates, and 10 output buffers. A BCD code applied to the 4 sm _~Low power TTL fan out of 2 driving 74L 
inputs, A, B, C, and D, results in a high level at the selected compatibility or 1 driving 74LS 
1-of-10 decimal decoded outputs. Similarly, a 3-bit binary im Low power 

code applied to inputs A, B, and C is decoded in octal at 
outputs 0-7. A high level signa! at the D input inhibits octal 
decoding and causes outputs 0-7 to go low. 


All inputs are protected against static discharge damage by H = 
diode clamps to Vpp and Ves. Applications 


08820'00/W8820rdd 


@ Glitch free outputs 
m ‘Positive logic’ on inputs and outputs . 


m Code conversion 
m@ Address decoding 
@ Indicator-tube decoder 


Logic and Connection Diagrams 


Dual-In-Line Package 


TL/F/5959-2 
Top View 
Order Number CD4028B* 
*Please look into Section 8, Appendix D 


TL/F/5959-1 for availability of various package types. 


Truth Table 





; 
| 


oooo0ooo;oo0o+cqa0qo0o0o0o0o|m 


BCD States 





Extraordinary States 
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CD4028BM/CD4028BC 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Recommended Operating 
Conditions (note 2) 


Distributors for availability and specifications. 


Supply Voltage (Vpp) 

Input Voltage (Vin) 

Storage Temperature Range (Ts) 

Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 

Lead Temperature (T,) 
(Soldering, 10 seconds) 


Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4028BM 
CD4028BC 


—0.5 to + 18V 
—0.5 to Vpp +0.5V 
—65°C to + 150°C 


700 mW 
500 mW 


260°C 


3 to 15V 
Oto VopV 


—55°C to + 125°C 
— 40°C to + 185°C 


DC Electrical Characteristics cpso288c (Note 2). 


Quiescent Device Current |Vpp = 5V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


lol < 1 pA, Vir = OV, Vin = Vop 


Conditions 


Low Level Output Voltage 
High Level Output Voltage 


Low Level Input Voltage 
Vo = 0.5Vor 4.5V 
Vo = 1Vor9V. 
Vo = 1.5V or 13.5V 


High Level Input Voltage 
Vo = 0.5Vor 4.5V 
Vo = 1Vor9V 
Vo = 1.5V or 13.5V 


Vit= OV, Vin = Vop 

Vop = 5V, Vo= 0.4V 
Vpp = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 


Vit = OV, Viq = Vop 

Vop = 5V, Vo= 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V © 
DC Electrical Characteristics cp40288¢ (Note 2) 


Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vop or Vss 
lol < 1 BA, Vit = OV, Vin = Vpp 
Vpp = 5V 

Vpp = 10V 

Vop = 15V 


Low Level Output Current 
(Note 3) 


High Level Output Current 
(Note 3) 


Low Level Output Voltage 
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i 
20 


| nsec | +25 | +125 


a [wT a 


0.01 150 

0.01 300 
0.05 0.05 
0.05 0.05 
0.05 0.05 


0.02 600 
4.95 


9.95 


0.05 
0.05 
0.05 


mm 


0.01 150 

10 0.01 300 
80 0.02 | 80 600 
0.05 0.05 0.05 
0.05 0.05 0.05 
0.05 0.05 0.05 





DC Electrical Characteristics cp40288c (Note 2) (Continued) 


Vo = 0.5Vor 4.5V 
Vo = 1Vor9V 
Vo = 1.5V or 13.5V 


Vo = 0.5Vor 4.5V] 3. : 
Vo = 1V or9V : 7.0 
Vo = 1.5V or 13.5V ‘ 11.0 


(Note 3) = : =0. , 0.44 | 0.88 
= 10V, Vo = 0.5V : 14 2.2 
Vop = 15V, Vo = 1.5V ‘ 3.0 6.0 


High Level Output Current | Vin, = Vpp, Vit = OV 
Vop = 5V, Vo= 4.6V 
Vpp = 10V, Vo = 9.5V 
Vop = 1§V, Vo = 13.5V 


Input Current Vpp = 15V, Vin= OV 
Vop = 15V, Vin = 15V 
AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, Ry = 200k, Input t, = ts = 20 ns, unless otherwise specified 


tPHL OF tpLH Propagation Delay Time 


tTHLOr try Transition Time 


Input Capacitance Any Input (oes NS 


* AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: Io), and Io}, are tested one output at a time. 


Switching Time Waveforms 


INPUTS 


OUTPUT N 


TL/F/5959-3 
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CD4029BM/CD4029BC 


National 
Semiconductor 


CD4029BM/CD4029BC Presettable 
Binary/Decade Up/Down Counter 


General Description 


The CD4029BM/CD4029BC is a presettable up/down 
counter which counts in either binary or decade mode de- 
pending on the voltage level applied at binary/decade input. 
When binary/decade is at logical ‘1", the counter counts in 
binary, otherwise it counts in decade. Similarly, the counter 
counts up when the up/down input is at logical ‘‘1” and vice 
versa. 


A logical ‘“1”’ preset enable signal allows information at the 
“jam” inputs to preset the counter to any state asynchro- 
nously with the clock. The counter is advanced one count at 
the positive-going edge of the clock if the carry in and pre- 
set enable inputs are at logical 0”. Advancement is inhibit- 
ed when either or both of these two inputs is at logical ‘‘1”. 
The carry out signal is normally at logical “1” state and goes 
to logical “0” state when the counter reaches its maximum 


Logic Diagram. 


Toggle Logic (TL) 


—~—t—~d™I 


fe ee 


PRESET 1 
ENABLE [>o-[>0 = 
I 
15 ) do c 
CLOCK O ; 


CARRY 5 
in© 


UP-DOWN OT >O 


BINARY- 9 
necane OL 0 


count in the “up” mode or the minimum count in the “down” 
mode provided the carry input is at logical “0” state. 

All inputs are protected against static discharge by diode 
clamps to both Vpp and Vsgs. 


Features 
m Wide supply voltage range 
@ High noise immunity 
m Low power 
TTL compatibility 


3V to 15V 


0.45 Vpp (typ.) 
fan out of 2 
driving 74L 
or 1 driving 74LS 
m@ Parallel jam inputs 
m@ Binary or BCD decade up/down counting 


TL/F/5960-1 
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Absolute Maximum Ratings Recommended Operating 


aac é ified devi ired Conditions pipet 

ary/Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ DC Supply Voltage (Vpp) aV'to. 15 Voc 
Distributors for availability and specifications. Input Voltage (Vin) OV to Vpn Voc 


DC Supply Voltage (Vpp) —0.5V to +18 Voc Operating Temperature Range (Ta) 

CD4029BM —55°C to + 125°C 
Input Voltage (Vin) —0.5V to Vpp + 0.5 Voc CD4029BC 40°C to + 85°C 
Storage Temperature Range (Ts) —65°C to + 150°C 


Power Dissipation (Pp) 
Dual-In-Line 700 mw 
Small Outline 500 mW 


Lead Temperature (T_) 
(Soldering, 10 seconds) 260°C 


08620709/IN8620Pd9D 


DC Electrical Characteristics cp40298m (Note _— 


| Parameter | Conations | + 125°C 
SS eee 


Fel Device Current} Vop = meal 150 
Vpp = 10V 3 co 300 
Vpp = 15V 20 20 600 
Low Level 


Output Voltage 


High Level 
Output Voltage 


Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9gV 


Vop = 15V, Vo = 1.5V or 13.5V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9eVv 
Vop = 15V, Vo = 1.5V or 13.5V 


Vpp = 5V, Vo = 0.4V ass 0 4 0.88 
Vpp = 10V, Vo = 0.5V 2 28 


Vop = 15V, Vo = 1.5V 


Vop = 5V, Vo = 4.6V —0.64 —0.51| —0.88 —0.36 
Vpp = 10V, Vo = 9.5V -1.6 -1.3 | —2.25 —0.9 
Vpp = 15V, Vo = 13.5V —4.2 -3.4| -8.8 —2.4 


Vop = 15V, Vin = OV —10-5 —-1.0 
Vpp = 15V, Vin = 15V 10-5 1.0 





| Parameter | 


| Conations |= 47 
[eoael Sika Ree ae eae 


-- Device Current | Vpp = 5V 20 20 150 
Vpp = 10V 40 40 300 
Vpp = 15V 80 80 600 

Low Level llol < 1 pA 
Output Voltage Vop = 5V 0.05 0.05 0.05 
Vop = 10V 0.05 0.05 0.05 
Vop = 15V 0.05 0.05 0.05 


High Level 
Output Voltage = , 4.95 
9.95 
14.95 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: Igy and Io, are tested one output at a time. 
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CD4029BM/CD4029BC 


DC Electrical Characteristics cp40298¢ (Note 2) (Continued) 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vpop = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vpp = BV, Vo = 0.4V 0.44 | 0.88 
Vop = 10V, Vo = 0.5V ; 4.1 | 2.25 
Vpp = 15V, Vo = 1.5V 3.6 3.0 8.8 


1.3 0.9 
2.4 
i = 5V,Vo = 4. —0.44| —0.88 —0.36 
Current (Note 3) | Vpp = 10V, Vo = 9.5V —1.1 | —2.25 —0.9 
Vpp = 15V, Vo = 13.5V —-3.0 |; —-88 —2.4 
Input Current Vop = 15V, Vin = OV —1.0 
Vop = 15V, Vin = 15V 1.0 





AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, RL = 200k, Input oe = tic. = 20 ns, unless otherwise specified 


Symbol | —séParameter— | Conditions =| min | Typ | Max | Units 


CLOCKED OPERATION 


tpHL Or tpLH Propagation Delay Time Vop = 5V 200 400 
to Q Outputs Vpp = 10V 85 170 

, Vop = 15V 70 140 
tpHL Or tpLy Propagation Delay Time Vop = 5V 320 640 
to Carry Output Vop = 10V 135 270 

Vpp = 15V 110 220 


tpHt Or tp_y Propagation Delay Time 
to Carry Output 285 570 
120 240 
190 


trHL Or tTLH Transition Time/Q Vop = 5V 100 200 
or Carry Output Vpp = 10V 50 100 
Vop = 15V 40 80 
twH or twL Minimum Clock Vpop = 5V 160 320 
Pulse Width Vop = 10V 70 135 
Vop = 15V 55 
trot Or tic Maximum Clock Rise Vpp = 5V 
and Fall Time Vop = 10V 
Vop = 15V 
tsu Minimum Set-Up Time Vop = 5V 
Vop = 10V 
Vop = 15V 
fot Maximum Clock Frequency Vop = 5V 
Vop = 10V 
Vop = 15V 


Cin Average | Average Input Capacitance | Capacitance Any Input 


Cpp Power Dissipation Capacitance Per Package (Note 4) ae 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
. they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and lo, are tested one output at a time. 
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AC Electrical Characteristics* 
Ta = 25°C, CL = 50 pF, RL = 200 k, Input tro, = tic, = 20 ns, unless otherwise specified (Continued) 


Symbol Conditions| min | typ | Max | Units 


PRESET ENABLE OPERATION 


tpHL or tpLH Propagation Delay Time 
to Q output 


tpH or tpLy Propagation Delay Time 
to Carry Output 


Minimum Preset Enable 
Pulse Width 


Minimum Preset Enable 
Removal Time 


CARRY INPUT OPERATION 


tpy_ or tpLy Propagation Delay Time 
to Carry Output 


tpHL, tpLH Propagation Delay Time 
to Carry Output 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. : 


Note 2: Vss = OV unless otherwise specified. 
Note 3: Io and Io, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application note, 
AN-90. 


Connection Diagram 


Dual-In-Line Package 
JAM INPUTS 
A BINARY/ 
a3 Q2 UP/DOWN DECADE 


Order Number CD4029B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


PRESET ai CARRY Vg 
ENABLE ¥ OUT 


JSAM INPUTS 
TL/F/5960~2 


Top View 
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CD4029BM/CD4029BC 


Logic Waveforms 
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Switching Time Waveforms 


= GCL) i tee 


v 
oo 30% 90% 
clock 


Vss 10% 10% 


Voo 
PRESET 
ENABLE 


u/O 
Vss 


Voo 
Q OUTPUT 
Vss 


rn tPHL 
TL/F/5960-5 


Cascading Packages 


Parallel Clocking 


UP/DOWN 
PRESET 


ERATE JAM INPUTS 


| 


U/O PE Jt J2 S34 


TO NEXT 


ao STAGE 


B/D CLK a1 QO2 Q3 04 B/D CLK Q1 Q2 Q3 44 


ey 
OUTPUTS 


CLOCK 


BINARY/ 
DECADE TL/F/5960-6 


Ripple Clocking 


UP/DOWN 


PRESET 
ENABLE JAM INPUTS 
——— 


TO NEXT 
ch co STAGE 


B/D CLK Qt Q2 a3 a4 B/D CLK Of Q2 03 


| 


CLOCK OUTPUTS 


BINARY/ 
OECADE 


TL/F/5960-7 
Carry out lines at the 2nd or later stages may have a negative-going spike due to differential internal delays. These spikes do not 
affect counter operation, but if the carry out is used to trigger external circuitry the carry out should be gated with the clock. 
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CD4030M/CD4030C 


National © 
Semiconductor 


CD4030M/CD4030C Quad EXCLUSIVE-OR Gate 


General Description 

The EXCLUSIVE-OR gates are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N- and P- 
channel enhancement mode transistors. All inputs are pro- 
tected against static discharge with diodes to Vpp and Vgs. 


Features 

m™ Wide supply voltage range 3.0V to 15V 

@ Low power 100 nW (typ.) 

m™ Medium speed tpHL = tpLy = 40 ns (typ.) 
operation at CL = 15 pF, 10V supply 

@ High noise immunity 0.45 Voc (typ.) 


Schematic Diagram 


A 


f 


Connection Diagram 


Applications 
w Automotive 

@ Data terminals 

@ Instrumentation 

@ Medical electronics 
@ Industrial controls 
m Remote metering 
= Computers 





TL/F/5961-1 


TL/F/5961-2 


Order Number CD4030* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 

contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 

Distributors for availability and specifications. Dual-In-Line 700 mw 

Voltage at Any Pin (Note 1) Vssg —0.3V to Vsg + 15.5V Small Outline 500 mW 

Operating Temperature Range Operating Vpp Range Vsg +3.0V to Vssg + 15V 
CD4030M = 55°C to + 125°C Lead Temperature ; 
CD4030C —40°C to +85°C = — (Soldering, 10 seconds) 260°C 


D0E0PAd/INDEOPGD 


DC Electrical Characteristics coso30m ~ 


Parameter Conditions ae ee eee ee + al 
[rye [x wn] tye [ae any [won 


Quiescent Device Vpp = 5.0V 0.5 0. set 30 
Current Vop = 10V 1.0 0.01 60 
Quiescent Device Vpp = 5.0V 0.025 150 
Dissipation Package } Vpp = 10V 0.1 600 

Output Voltage Vop = 5.0V 0.05 0.05 0.05 
Low Level Vpp = 10V 0.05 0.05 0.05 
Output Voltage Vpp = 5.0V 4.95 4.95 5.0 4.95 
High Level Vop = 10V 9.95 9.95 10 9.95 
Noise Immunity Vop = 5.0V , = 
(All Inputs) Vop = 10V 3.0 3.0 4.5 2.9 
Noise Immunity Vop = 5.0V 1.4 1.5 2.25 1.5 
(All Inputs) Vop = 10V 2.9 3.0 4.5 3.0 
Output Drive Current | Vpp = 5.0V 0.75 0.6 1.2 0.45 
N-Channel (Note 2) |} Vpp = 10V 1.5 1.2 2.4 0.9 
Output Drive Current } Vpp = 5.0V —0.45 —0.6 

.| P-Channel (Note 2) | Vpp = 10V —0.95 —1.3 


M=ovorvi=Voo} | | | tw} | of ft 


sre (as soles eel atl 


Quiescent Device Vpp = 5.0V 70 

Current Vop = 10V 140 
Quiescent Device Vpp = 5.0V 0.25 350 
Dissipation Package | Vop = 10V 1.0 1,400 
Output Voltage Vop = 5.0V 0.05 0.05 0.05 
Low Level Vpp = 10V 0.05 0.05 0.05 
Output Voltage Vpp = 5.0V 4.95 4.95 4.95 

High Level Vpp = 10V 9.95 9.95 9.95 

Noise Immunity Vop = 5.0V 1.5 1.5 1.4 

(All Inputs) Vpp = 10V 3.0 3.0 2.9 

Noise Immunity Vpp = 5.0V 1.4 1.5 1.5 

(All Inputs) Vop = 10V 2.9 3.0 3.0 

Output Drive Current | Vpp = 5.0V 7 2 

N-Channel (Note 2) | Vpp = 10V 

Output Drive Current | Vpp = 5.0V —0.21 —0.15 | —0.6 —-0.12 

P-Channel (Note 2) | Vpp = 10V —0.45 —0.32 | —1.3 —0. rae 


jinputCurent [viz overvi=Voo] | | | {io} | | 
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CD4030M/CD4030C 


AC Electrical Characteristics* cpso30m Sg, So 
| min | typ | Max | 

Propagation Delay Time Vop = 5.0V 100 200 

Vpp = 10V 40 100 

Propagation Delay Time Vpp = 5.0V 100 200 

Vop = 10V 40 100 

Transition Time Vpp = 5.0V 70 150 

High to Low Level Vop = 10V 25 75 

; Transition Time Vop = 5.0V 80 150 

Low to High Level Vop = 10V 30 75 


Input Capacitance Mi=ovorvi=Yoo [| | so | | 


*AC Parameters are guaranteed by DC correlated testing. 


AC Electrical Characteristics* cp4030c 


Propagation Delay Time Vop = 5.0V 100 300 
Vop = 10V 40 150 
Propagation Delay Time Vop = 5.0V 100 300 
Vop = 10V 40 150 © 
0 


Transition Time Vop = 5.0V 7 

High to Low Level Vop = 10V 25 

Transition Time Vop = 5.0V 80 

Low to High Level Vpp = 10V 

Input Capacitance Vi = OV or Vi = Vop ae eo eee 


*AC Parameters are guaranteed by DC correlated testing. 
Note 1: This device should not be connected to circuits with power on because high transient voltages may cause permanent damage. 
Note 2: IpN and IpP are tested one output at a time. 





Truth Table (For One of Four Identical Gates) 


Where: “1” = High Level 
“0” = Low Level 
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National — 
Semiconductor 


CD4031BM/CD4031BC 


64-Stage Static Shift Register 


General Description 


The CD4031BM/CD4031BC is an integrated, complemen- 
tary MOS (CMOS), 64-stage, fully static shift register. Two 
data inputs, DATA IN and RECIRCULATE IN, and a MODE 
CONTROL input are provided. Data at the DATA input 
(when MODE CONTROL is low) or data at the RECIRCU- 
LATE input (when MODE CONTROL is high), which meets 
the setup and hold time requirements, is entered into the 
‘first stage of the register and is shifted one stage at each 
positive transition of the CLOCK. 

Data output is available in both true and complement forms 
from the 64th stage. Both the DATA OUT (Q) AND DATA 
OUT (Q) outputs are fully buffered. 

The CLOCK input of the CD4031BM/CD4031BC is fully 
buffered, and present only a standard input load capaci- 
tance. However, a DELAYED CLOCK OUTPUT (CLp) has 
been provided to allow reduced clock drive fan-out and tran- 
sition time requirements when cascading packages. 


Logic and Connection Diagrams 


io =a: 
ey 


a 


Dual-In-Line Package 


RECIRCULATE IN = Voo 
CLOCK IN DATAIN 

NC NC 

NC NC 

NC NC 

DATA OUT (a) NC 


BATA OUT (0) MODE CONTROL 


DELAYED 
Vss cLock out (CLo) 


TL/F/5962-2 
Top View 


Features 
@ Wide supply voltage range 
@ High noise immunity 
m@ Low power TTL 
compatibility 
Fully static operation 


3.0V to 15V 

0.45 Vpp (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

DC to 8 MHz 

Vop = 10V (typ.) 

5 pF (typ.) 

input capacitance 


Fully buffered clock input 


m Single phase clocking requirements 

@ Delayed clock output for reduced clock drive require- 
ments 

m Fully buffered outputs 

@ High current sinking capability 

w Q output 


1.6 mA 
= 5V and 25°C 


DATA OUT (Q) 


(7) 
O—= DATA OUT (0) 


(9) DELAYED CLOCK 
OUT (Clo) 


TL/F/5962-1 


Order Number CD4031B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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CD4031BM/CD4031BC 


Absolute Maximum Ratings (notes1and2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (note 2) 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. pedis at ey ity : Ve 
Supply Voltage (Vpp) —0.5V to + 18V ie iH _ IN) ‘iva Range tio eb 
erating Temperature Ran 

Input Voltage (Vin) ~0.5V to Vpp +0.5V CDaueIa © ge KTA peat soeke 
Storage Temperature Range (Ts) —65°C to + 150°C CD4031BC 7 ~—40°C to + 85°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mW 

Small Outline 500 mW 


Lead Temp. (T,) (Soldering, 10 sec.) * 260°C 


_ DC Electrical Characteristics (Note 2) cp40318M 


Vpp = 10V, Vin = Vpp or Vsg 
Vop = 15V, Vin = Vpp or Vss 
Vop = 5V 


Vpp = oy} Vi = Von: Vit = OV, Ilo] < 1 pA 
Vpop = 15V 


Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V. 


Vopb = 5V, Vo = 0.5V or 4.5V 
llol < 1 pA 


Vpp = 5V, Vo = 0.5V or 4.5V 
llol < 1 pA 


Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output |Vpp = 5V, Vo = 0.4V. } 


7.0 
11.0 


1.9 


Vin = Vop 42 


Current, Q Output [Vpp = 10V, Vo = 0.5V Vi = OV 


Vpp = 15V, Vo = 1.5V 


1H = Vop 


Vop = 5V, Vo = 0.4V Vv 
Vit = OV 


Vin = Vop 


Current, All Outputs|Vpp = 10V, Vo = 9.6V fF ¥ gy 


Vop = 16V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vpp = 15V, Vin = 15V 


High Level Output |Vpp = 5V, Vo = 4.6V } 


Truth Tables 


Mode Control (Data Selection) 


X = irrelevant NC = nochange _/ = Low to High level transition © ~\_ = High to Low level transition 
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DC Electrical Characteristics (note 2) cp4031B8C 


+25°C 


+ 85°C 


Parameter Conditions | =-a0c | +25c | +85c | 
[_Peemewr | __ covets nc pT au 


Quiescent Device |Vpp = 5V, Vin = Vpp or Vss 20 
Current Vop = 10V, Vin = Vpp or Vss a 


Vop = 15V, Vin = Vpp or Vss 


Low Level Output |[Vpp = 5V 0.05 
Voltage Vop = by Vin = Vop: Vit = OV, Ilol < 1 pA 0.05 
Vpp = 15 0.05 


High Level Output |Vpp = a 4.95 4.95 
Voltage Vop = rov| Vin = Vop: Vit = OV, |lol < 1 pA] 9.95 9.95 
Vop = rou} 14.95 14.95 
Low Level Input Vop = 5V, Vo = 0.5V or 4.5V 5 
Voltage Vpp = 10V, Vo = 1.0Vor9.0V ¢ |Ilol <1 pA so 
Vpp = 15V, Vo = 1.5V or 13.5V 
High Level Input = {[Vpp = 5V, Vo = 0.5V or 4.5V 
Voltage Vpp = 10V, Vo = 1.0V or 9.0V + |Ilol <1 pA 
Vop = 15V, Vo = 1.5V or 13.5V io ao 


Low Level Output |Vpp = 5V, Vo = 0.4V Vv 

Current, Q Output |Vpp = 10V, Vo = 0.5V ih 
Vpp = 15V, Vo = 1.5V) “lt 

Low Level Output [Vpp = 5V, Vo = 0.4V 1 Me 


Current, Q and CLp|Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


3 = 7 vi 
Vit = OV 





High Level Output |Vpp = 5V, Vo = 4.6V Via =V —0.52 — 0.44) —0. | | 
Current, All Outputs|Vpp = 10V, Vo = 9.5V a a ou —1.3 —14 
(Note 3) Vpp = 15V, Vo = 13.5v) “IL —3.0 —3.0 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


0.01 
0.01 
0.02 


2.25 


6.75 
ce 


aoe 


0.88 
red 


“28 
—8.8 


0.3 —10—5| -0.3 —1.0 
03 10-5 | 0.3 1.0 


20 150 
40 300 
80 600 
0.05 0.05 
0.05 0.05 
0.05 0.05 


5 4.95 
10 9.95 
15 14.95 


1.5 1.5 
a0 - 


“t] 
—0.9 
“te 


Note 1: ‘“‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 


operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: loy and lo. are tested one output at a time. 


Switching Time Waveforms 


Yoo 


MODE 
CONTROL 
0 


Yoo 


CLOCK IN 
0 


Yoo 


OATAIN 
0 


Yoo 


RECIRCULATE 
IN 
0 


Yoo 
DATA GUT (0) 
0 


Yoo 


DATA out (0) 
0 
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CD4031BM/CD4031BC 


AC Electrical Characteristics* | 
Ta = 25°C, GC, = 50 pF, R, = 200k, Input t; = ts = 20 ns, unless otherwise specified 


Symbol Conditions | Min | Typ | Max | Units 
600 ns 


yp 
tpHL tpLH Propagation Delay Time, Clock to Q and Q 300 
125 250 ns 
100 200 ns 


teHt, tpLH Propagation Delay Time, Clock to CLp 250 ns 
ns 
ns 


trHL tTLH Output Transition Time, All Outputs . ns 
: ns 
ns 


tsUp Minimum Data Setup Time, DATA IN or ns 
tsu, RECIRCULATE IN to Clock ns 
~ ons 

Minimum Data Hold Time, Clock to DATA IN ns- 

or RECIRCULATE IN ns 

ns 


= 
So 
oO 


two twH Minimum Clock Pulse Width ns 
ns 


ns 


fo Maximum Clock Frequency 


traci tecL Maximum Clock Input Rise and Fall Times 
(Note 4) 


Cin Input Capacitance Any Input 


*AC Parameters are guaranteed by DC correlated testing. 


Note 4: When clocking cascaded packages in parallel, one should insure that: t; c. < 2 (tpp — ty) where: tpp = the propagation delay of the driving stage 
and ty = the hold time of the driven stage. 


ps 
ps 
ps 
pF 


~“ +>-4wlo = 


Block Diagram 
cascading packages using DELAYED CLOCK (CLp) output 


DATAIN DATAIN DATA OUT (Q) DATA QUT DATA OUT 
RECIRCULATE IN RECIRCULATE IN 


MODE CONTROL MODE CONTROL 


ry 


CLOCK IN : CLOCK IN CLOCK Gis: {eLn) i 


TL/F/5962-4 
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National © 
Semiconductor 


CD4034BM/CD4034BC 8-Stage TRI-STATE® Bidirectional 
Parallel/Serial Input/Output Bus Register 


General Description 


The CD4034BM/CD4034BC is an 8-bit CMOS static shift 
register with two parallel bidirectional data ports (A and B) 
which, when combined with serial shifting operations, can 
be used to (1) bidirectionally transfer parallel data between 
two buses, (2) convert serial data to parallel form and direct 
them to either of two buses, (3) store (recirculate) parallel 
data, or (4) accept parallel data from either of two buses 
and convert them to serial form. These operations are con- 
trolled by five control inputs: 
A ENABLE (AE): ‘‘A” data port is enabled only when AE 
is at logical ‘‘1’’. This allows the use of a common bus 
for multiple packages. 
A-BUS-TO-B-BUS/B-BUS-TO-A-BUS (A/B): This input 
controls the direction of data flow. When at logical 1”, 
data flows from port A to B (A is input, B is output). 
When at logical ‘0’, the data flow direction is reversed. 


ASYNCHRONOUS/SYNCHRONOUS (A/S): When A/S 
is at logical “0”, data transfer occurs at positive tran- 
sition of the CLOCK. When A/S is at logical “1”, data 
transfer is independent of the CLOCK for parallel opera- 
tion. In serial mode, A/S input is internally disabled such 
that operation is always synchronous. (Asynchronous 
serial operation is not possible.) 


PARALLEL/SERIAL (P/S): A logical “1” P/S input al- 
lows data transfer into the registers via A or B port (syn- 
chronous if A/S = logical “0”, asynchronous if A/S = 
logical “1”’). A logical “0” P/S allows serial data to 
transfer into the register synchronously with the positive 
transition of the CLOCK, independent of the A/S input. 


CLOCK: Single phase, enabled only in synchronous 
mode. (Either P/S = logical “1” and A/S = logical ‘O” 
or P/S = logical “Oo”. 


Connection Diagram 


Dual-In-Line Package 


owmon rmaonewn = 


_~_ 
nu —- Oo 


TL/F/5963~1 
Top View 


All register stages are D-type master-slave flip-flops with 
separate master and slave clock inputs generated internally 
to allow synchronous or asynchronous data transfer from 
master to slave. 

All inputs are protected against damage due to static dis- 
charge by diode clamps to Vpp and Vgs. 


Features 
m Wide supply voltage range 
@ High noise immunity 
m Low power TTL 
compatibility 
m RCA CD4034B second source 


3.0V to 18V 


0.45 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


Applications 
@ Parallel Input/Parallel Output 
Parallel Input/Serial Output 
Serial Input/Parallel Output 
Serial Input/Serial Output register 
@ Shift right/shift left register 
m Shift right/shift left with parallel loading 
m Address register 
m Buffer register 
™ Bus system register with enable parallel lines at bus 
side 
m Double bus register system 
m Up-down Johnson or ring counter 
m Pseudo-random code generators 
™ Sample and hold register (storage, counting, display) 
a Frequency and phase comparator 


Order Number CD4034B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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CD4034BM/CD4034BC 


Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 
lf Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. ee shee (Vop) *t ets to i 15 
DC Supply Voltage (Vpp) —0.5 Vpc to +18 Voc ee uF ; oe IN) en (Ta) pc to Von Voc 
erating Temperature Range 

Input Voltage (Vin) 0.5 Vpc to Vpp + 0.5 Voc ee Aonient P 9° TA eee d dane 
Storage Temp. Range (Ts) —65°C to + 150°C CD4034BC = 40°C to +85°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mW 

Small Outline 500 mW 


Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp40348m (Note a 


pede eo eee 


Quiescent Device Current | Vpp = 5V, Vin = Vop or Vss 150 
Vpp = 10V, Vin = Vpp or Vgg 300 

Vop = 15V, Vin = Vpp or Vss 00 

Low Level Output Voltage F : 0.05 
0.05 

0.05 


High Level Output Voltage 


Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 


Vop = 15V, Vo = 1.5V or 13.5V 


High Level input Voltage | Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vop = 5V, Vo = 0.4V 
(Note 3) Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current | Vpp = 5V, Vo = 4. 6V 
(Note 3) Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Curent Vpp = 15V, Vin = OV —0.1 | —10°5 

Vop = 15V, Vin = 15V 105 | 0.4 1.0 
TRI-STATE Leakage Vop = 15V, Vo = OV 
Current Vop = 15V, Vo = 15V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: loy and Io, are tested one output at a time. 
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DC Electrical Characteristics cp4034Bc (Note 2) 


Conditions 


Voo = 5V, Vin = Vpp or Vss 
Vpp = 10V, Vin = Vop or Vss 
Vop = 15V, Vin = Vpp or Vss 


Parameter 


Quiescent Device Current 


Low Level Output Voltage | Vpp = 5V 


JgPreordo/Ware0rdo 


High Level Output Voltage | Vpop = 5V 


Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 


Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = BV, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Input Voltage 


<<</j/<<<cjy<c<c<cj<<< 


Low Level Output Current 
(Note 3) 


High Level Output Current | Vpp =5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 
Vpp = 15V, Vin = 15V 


(Note 3) 


TRI-STATE Leakage Vpp = 15V, Vo = OV , 
Current Vpp = 15V, Vo = 15V 


AC Electrical Characteristics* 
Ta = 25°C, CL = 50 pF, Ry = 200k, input t; = tp = 20 ns, unless otherwise specified 


| Parameter | Conditions| Min. | Typ | Max_ 


Propagation Delay Time, A (B) 280 
Synchronous Parallel Data or Serial 120 

85 
280 
120 
85 


tpHL tpLH 


Data Input, B (A) Parallel Data 
Output 


Propagation Delay Time, A (B) 
A (B) Asynchronous Parallel Data 
Input, B (A) Paralle! Data Output 


tpHL: tpLH 


tpHz, tpLz 


tpZH, tpz 


Propagation Delay Time from A/B 
or AE to High Impedance State at A 
Outputs or from A/B to High 
Impedance State at B Outputs 


Propagation Delay Time from A/B 
or AE to Logical “1” or Logical “0” 
State at A Outputs or from A/B to 
Logical 1” or Logical “0” State at 
B Outputs 


Vpp = 5V, Ry = 1.0k9 
Vop = 10V, Ry = 1.0kn 
Vpp = 15V, Rr = 1.0k 


Vpp = 5V, RL = 1.0kn 
Vop = 10V, Rr = 1.0kn 
Vop = 16V, Ry = 1.0kn 
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95 220 
60 130 
45 100 
180 480 
75 190 
55 140 








CD4034BM/CD4034BC 


AC Electrical Characteristics* 
Ta = 25°C, C, = 50 pF, R, = 200k, input t, = t; = 20 ns, unless otherwise specified (Continued) 


symbol_| ___—Parameter_— | Conditions, 


trot: tTLH Output Transition Time 


+ 
< 
a] 


tf Ol 

oOo 
oO 6 
[oe] N 
oee 
oo 


fot Maximum Clock Input Frequency 


two, tWH Minimum Clock Pulse Width 


traci, tect Maximum Clock Rise & Fall Time 


—_ 
| fevalzs- 
awalh 
oa 


tsy Parallel (A or B) and Serial Data 
Setup Time 


Nh 
on 


tsy Control Inputs AE, A/B, P/S, 
A/S Setup Time 


_ 
sagfeaz|- 
— 
o 
oO 


Minimum High Level AE, A/B, P/S, 
A/S Pulse Width 


Cin Average Input Capacitance A and B Data I/O and A/B Control 
Input 
Any Other Input 


Cpp Power Dissipation Capacitance (Note 4) en a 


*AC Parameters are guaranteed by DC correlated testing. 


Note 4: Cpp determines the no-load power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
AN-90. 


Logic Diagram 


SERIAL 
DATA DATA BUS A 
AS ASB AB 


AE 





FAIL 
rte 


“B2 B3 B4 BS B6 B7 B8 
, DATA BUS B 


TL/F/5963-2 
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Schematic Diagram 
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B2 B3 B4 BS BB B7 B8 
pcmcia 


7 STAGES 
SAME AS 
STAGE 1 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
J 


Trepp A 


A2 A3 A4 AS AG AT AB 


TL/F/5963-3 
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CD4034BM/CD4034BC 


Switching Time Waveforms and Test Circuits 


CLOCK 

A ENABLE 
PIS 

AIB 


AIS 


SERIAL 
DATA 
Al 


A2 
A3 
A4 
A5 
A6 
Al 
Ag 


|~<—_— B DATA LINES ARE OUTPUTS ——_>|<—_>| 


LINES ARE 
OUTPUTS 


TL/F/5963-4 


cme. 


! D FLIP-FLOP + 


TRI-STATE 
CONTROL 
LOGIC 





TL/F/5963-7 


rane | 


D FLIP-FLOP 
I 


ee | 


TRI-STATE 
CONTROL 
Loic 


TL/F/5963-9 
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Synchronous Operation 


: TL/F/5963-5 
tp CL = t, CL = 20ns 


Asynchronous Operation 


TL/F/5963-6 


tPHZ tPHz 
AIB ABN soy, 
(B PORT CONTROL) (8 PORT CONTROL) 


AE OR A/B 


IB {A PORT CONTROL) 


AEORA 
{A PORT CONTROL) 


Vou 
AOR B OUTPUT Vou 


AOR B OUTPUT 
Os tPHZ —> 0 





TL/F/5963-8 


tPLZ tPZL tHo 
AIB 50% A/B 50% 
(B PORT CONTROL) (B PORT CONTROL) 
AE ORA/B AE OR A/B 50% 
(A PORT CONTROL) (A PORT CONTROL) : 


—— tP2e 


AOR B OUTPUT 90% 
10% Vor 
AOR B OUTPUT 


TL/F/5963~10 





Applications 


16-Bit Parallel in/Paralle! Out, Parallel In/Serial Out, 
Serial In/Parallel Out, Serial In/Serlal Out Register 


Voo 


—_— AE 
A-PARALLEL A-PARALLEL 
SERIAL DATA sl: DATA 
DATA 


Vob 
CD4034B 


B-PARALLEL B-PARALLEL 
DATA DATA 
a, 


SERIAL SERIAL 
DATA DATA 


TL/F/5963-11 
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CD4034BM/CD4034BC 


Applications (Continued) 


16-Bit Serial In/Gated Parallel! Out Register . 
“A” ENABLE , 


“A” PARALLEL “A” PARALLEL 
DATA DATA 


SERIAL SI SI 


DATA 


CD4034B : CD4034B 


“BY” PARALLEL “B" PARALLEL 
DATA DATA 


SS EE, 


SERIAL 
at | a 


TL/F/5963-12 


Frequency and Phase Comparator 


040348 


OUTPUT 
TL/F/5963-13 


PIS 


—~| tw h~<— 
OUTPUT 


= > fe $$ >|<_________ an fy" ——___—___+|<__,, < —>| 


TL/F/5963-14 


“When f; = fo, tw is proportional to the phase of f; with respect to fo. 
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Applications (continued) 


SHIFT LEFT OUTPUT 
“A” ENABLE 


SHIFT LEFT/ 
SHIFT RIGHT 


‘Dap 
J 
SHIFT RIGHT 
(NPUT 


A/S PARALLEL 
ENTRY 


Shift Right/Shift Left with Parallel Inputs 


AE 
P/S 


—_——— “A” PARALLEL DATA ——*} 
SHIFT RIGHT 


OUTPUT 
WTadndeanananae 


AU 
A/B 1 





_ PEPE PPE || PEP PEE Le ca 


ttt AE 


A-PARALLEL DATA 


Shift left input must be disabled during parallel entry. 


A “High” (‘Low’) on the Shift Left/Shift Right input allows 
serial data on the Shift Left Input (Shift Right Input) to enter 
the register on the positive transition of the clock signal. A 
“high” on the “A” Enable Input disables the ‘‘A” parallel 
data lines on Registers 1 and 2 and enables the “A” data 
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A/E 1*—— = A-PARALLEt DATA 


REG.4 
C040348 


B PARALLEL DATA —_. 3g 


TL/F/5963-15 


lines on Registers 3 and 4 and allows parallel data into Reg- 
isters 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for parallel loading. 


When parallel inputs are not used Registers 3 and 4 and 
associated logic are not required. 
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CD4034BM/CD4034BC 


Truth Table 


“A” Enable |p/s | A/B| A/S| Mode | - Operation* 


1 


| o | o | x | Serial | Synchronous Serial data input, A- and B-Parallel data outputs disabled. 
| o | 1 | x [serial | Synchronous Serial data input, B-Parallel data output. 


11 | of o | Parallel |} B Synchronous Parallel data inputs, A-Parallel data outputs disabled. 


ret fo | 4 | Parallel | B Asynchronous Parallel data inputs, A-Parallel data outputs disabled. 

at hed Parallel } A-Parallel data inputs disabled, B-Parallel data outputs, synchronous data recirculation. 
Ester Parallel | A-Parallel data inputs disabled, B-Parallel data outputs, asynchronous data recirculation. 
| o | o | x | serial | Synchronous Serial data input, A-Parallel data output. 

fo | 1 | x | serial | Synchronous Serial data input, B-Parallel data output. 

11 fo | o | Parallel | B Synchronous Parallel data input, A-Paralle! data output. 

Eagar Parallel | B Asynchronous Parallel data input, A-Parallel data output. 

ERears Parallel | A Synchronous Parallel data input, B-Paralle! data output. 

4 At ai Parallel PBS yOcHOnOUs Parallel data input, B-Parallel data output. 


X = Don't Care : 
*For synchronous operation (serial mode or when A/S = 0 in parallel mode), outputs change state at positive transition of the clock. 
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CD4035BM/CD4035BC 


4-Bit Parallel-In/Parallel-Out Shift Register 


General Description 


The CD4035B 4-bit parallel-in/parallel-out shift register is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with P- and N-channel enhancement mode 
transistors. This shift register is a 4-stage clocked serial reg- 
ister having provisions for synchronous parallel inputs to 
each stage and serial inputs to the first stage via JK logic. 
Register stages 2, 3, and 4 are coupled in a serial “D” flip- 
flop configuration when the register is in the serial mode 
(parallel/serial control low). 


Parallel entry via the ‘‘D” line of each register stage is per- 
mitted only when the parallel/serial control is “high”. 


In the parallel or serial mode, information is transferred on 
positive clock transitions. 


When the true/complement control is ‘high’, the true con- 
tents of the register are available at the output terminals. 
When the true/complement control is “low”, the outputs are 
the complements of the data in the register. The true/com- 
plement control functions asynchronously with respect to 
the clock signal. 


JK input logic is provided on the first stage serial input to 
minimize logic requirements particularly in counting and se- 
quence-generation applications. With JK inputs connected 
together, the first stage becomes a “D” flip-flop. An asyn- 
chronous common reset is also provided. 


Logic Diagram 


PARALLEL 
INPUT -1 
PARALLEL 7 98 
SERIAL © 
CONTROL (P/S) 


TRUE/COMPL. 
(ie) 


P/S = 0 = serial mode Input to output is: 


Features 

m Wide supply voltage range 
@ High noise immunity 

m Low power TTL 
compatibility 

4-stage clocked operation 


JK inputs on first stage 
Reset control 
Buffered outputs 


Low power dissipation 
High speed 


Applications 
m Automotive 

@ Data terminals 

@ Instrumentation 

m= Medical electronics 


3.0V to 15V 


0.45 Vop (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


Synchronous parallel! entry on all 4 stages 
Asynchronous true/complement control on all outputs 


Static flip-flop operation; master/slave configuration 


5 pW (typ.) (ceramic) 
to 5 MHz 


m@ Alarm systems 

@ Industrial controls 
m Remote metering 
m Computers 


TL/F/5964-1 


T/C = 1 = true outputs a) A bidirectional low impedance when control input 1 is low and control input 2 is high. 
. *TG = transmission gate b) An open circuit when control input 4 is high and control input 2 is low. 


1 
IN OUT 


2 TL/F/5964-2 
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CD4035BM/CD4035BC 


Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, Lead Temperature (T,) 
contact the National Semiconductor Sales Office/ (Soldering, 10 seconds) 260°C 
Distributors for availability and specifications. 
DC Supply Voltage (Vpp) —0.5V to +18V Operating Conditions (Note 2) 
Input Voltage (Vin) —0.5V to Vpp + 0.5V DC Supply Voltage (Vpp) 3V to 15V 
Storage Temperature Range (Ts) —65°C to + 150°C Input Voltage (Vin) OV to VopV 
Power Dissipation (Pp) Operating Temperature Range (Ta) 
Dual-In-Line 700 mW CD4035BM ~—55°C to + 125°C 
Small Outline 500 mW CD4035BC — 40°C to + 85°C 


DC Electrical Characteristics cp40358M (Note 2) 
parma | conatons = 
i [yi [nn 
Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 150 
Vop = 10V, Vin = Vop or Vss io i 300 
Vop = 15V, Vin = Vop or Vsg 20 20 600 

Low Level Output Voltage | |Io| < 1.0 nA 
0.05 0.05 0.05 
0.05 0.05 0.05 
: i 0.05 








































lol < 1.0 pA 
Vop = 5V, Vo = 0.5Vor 4.5V 
Vpp = 10V, Vo = 1.0Vor 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 
lo] < 1.0 pA 
Vpp = 5V, Vo =0.5Vor 4.5V 
Vop = 10V, Vo = 1.0Vor 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current |Vpp = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current |Vpp = 5V, Vo = 4.6V 
Vpp = 10V, Vo = 9.5V 
Vpop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vpop = 15V, Vin = 15V 
DC Electrical Characteristics cp40358c (Note 2) 


Parameter Conditions 
| _aramter | jin me} ain | Typ | max | in | Max 


Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 20 150 
Vop = 10V, Vin = Vpp or Vss : 0 40 300 
Vpop = 15V, Vin = Vpp or Vss 80 600 





Low Level Input Voltage 






High Level Input Voltage 




























Low Level Output Voltage | |Io| < 1 pA 
Vpp = 5V 0.05 0.05 0.05 
Vpp = 10V 0.05 0.05 0.05 
Vop = 15V 0.05 0.05 0.05 


High Level Output Voltage | [lol < 1 pA 
Vpp = 5V 4.95 4.95 
Vpp = 10V 9.95 9.95 
Vpp = 15V 14.95 14.95 
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DC Electrical Characteristics cp40358C (Note 2) (Continued) 


| -arc {| asc | asc 
Parameter Conditions 
j_parameer | comatons an ne nen a 


Low Level Input Voltage | |Io| <1 pA i 
Vop = 5V, Vo = 0.5Vor 4.5V 
Vpop = 10V, Vo = 1.0Vor 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level input Voltage | |Io| <1 pA 
Vop = 5V, Vo.=0.5Vor 4.5V| 3.5 3.5 
Vop = 10V, Vo = 1.0Vor 9.0V} 7.0 7.0 
: 11.0 


Vop = 15V, Vo = 1.5V or 13.5V/ 11.0 


Low Level Output Current |Vpp = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current} Vpp = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin= OV 
Vpp = 15V, Vin = 15V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 


Note 3: lox and Io, are tested one output at a time. 


AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, Ry = 200k, t, and ts = 20 ns, unless otherwise specified. 


Symbol Conditions | Min | Typ | Max | Units 


CLOCKED OPERATION 
tpHL tpLH Propagation Delay Time 


tTHL Transition Time High 
Low to High 


tTLH Transition Time 
Low to High 
two twH Minimum Clock Pulse Width 


trot, tic Clock Rise and Fall Time 


Minimum Set-up Time 
J/K Lines 


Paratllel-In Lines 


=— — = — _s _ 
@ ag On aRawol~ 
SSicse2 | fees SCOBISOOlan 


[es] 
Oo 


P/S Control 


aos 
ra) 
Ons 
°o 
pole 
rey 
i 


Maximum Clock Frequency 
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CD4035BM/CD4035BC 


AC Electrical Characteristics* 
Ta = 25°C, CL = 50 pF, Rr = 200k, t, and ts = 20 ns, unless otherwise specified. (Continued) 


Symbol Conditions | Min | Typ | Max | Units 


CLOCKED OPERATION (Continued) 


Cin Input Capacitance Any Input aa ae ee pF 


RESET OPERATION 
tpHL, tpLH Propagation Delay Time 


Minimum Reset Pulse Width 


*AC Parameters are guaranteed by DC correlated testing. 


Truth Table 


TOGGLE 
MODE 


«2S KKK 


Switching Time Waveforms 


clock : 
INPUT ded 
tWH 
tt.-——_—- 
50% 
‘SET-UPH 


t —r 'SET-UPH ‘SET-UPL 


90%P 


y 50% 
Pk 10% : 


{PHL PHL tPLH 
TL/F/5964-3 
T/C Input Low 
Reset Input Low 
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Connection Diagram 


Dual-In-Line Package 


TRUE/COMPLEMENT OUTPUTS PARALLEL INPUTS 
, i 
Vpo 027/02 03/03 «04/04 Pla PI3 Pla 


aia. = T/c RESET CLOCK  P/S Vsg 


TRUE/COMPLEMENT SERIAL 
OUTPUT INPUTS 


Top View 
Order Number CD4035B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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CD4041UB/CD4041UBC 


National © 
Semiconductor 


CD4041UB/CD4041UBC 
Quad True/Complement Buffer 


General Description Features 
The CD4041UB/CD4041UBC is a quad true/complement ™ Wide supply voltage range 3.0V to 15V 
buffer consisting of N- and P-channel enhancement mode —_™ High noise immunity 40% Vpp (typ.) 
transistors having low-channel resistance and high current m™ True output 
(sourcing and sinking) capability. The CD4041 is intended High current source and sink capability 
for use as a buffer, line driver, or CMOS-to-TTL driver. 8 mA (typ.) @ Vo = 9.5V, Vop = 10V 
All inputs are protected from static discharge by diode 3.2 mA (typ.) @ Vo = 0.4V, Vpp = 5V (two TTL loads) 
clamps to Vpp and Vgs. @ Complement output 

Medium current source and sink capability 

3.6 MA (typ.) @ Vo = 9.5V, Vpp = 10V 

1.6 mA (typ.) @ Vo = 0.4V, Vop = 5V 


Connection and Schematic Diagrams 


Dual-In-Line Package 1 of 4 Identical Units 
Voo 


Yoo 
TRUE 
OUTPUT 
Vss 
Vss 


Vss 


Voo 
Bin Vss 
TL/F/5965-1 
COMPLEMENT 
OUTPUT 
Top View 
Order Number CD4041UB* 
*Please look into Section 8, Appendix D 
Vss 


for availability of various package types. 
TL/F/5965-2 


Dovt out Tout Cour Yoo 
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Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vpp) —0.5V to + 18V 


Recommended Operating 
Conditions (note 2) 

Supply Voltage (Vpp) 

Input Voltage (Vin) 

Operating Temperature Range (Ta) 


3V to 15V 
OV to Vop 


Input Voltage (Vin) 
Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


—0.5V to Vpp +0.5V 
—65°C to + 150°C 


CD4041UB 
CD4041UBC 


700 mW 
500 mW 


— 58°C to + 126°C 
—40°C to + 85°C 


JEN PoOrdgd/sNntPrordg 


260°C 


Lead Temp. (T,) (Soldering, 10 sec.) 


DC Electrical Characteristics cp4041uUs8M (Note 2) 
se 
a ye [a 


Quiescent Device Current | Vop = 5V 0.01 
0.01 
0.01 


0.05 
0.05 
0.05 


Conditions 


llol < 1 pA 

Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1V or 9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Input Voltage 


High Level Input Voltage 
Vpop = 5V, Vo = 0.5V or 4.5V 


Vpp = 10V, Vo = 1VorgV 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vi, = OV 
Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


Low Level Output Current | Viq = Vop 

Complement Output Vop = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vpop = 15V, Vo = 1.5V 


High Level Output Current | Vi = Vpp 
Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


High Level Output Current | Vi_ = OV 

Complement Output Vpp = 5V, Vo = 4.6V 

(Note 3) Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Current Vpop = 15V, Vin = OV -0.1 —10-5 ee 
Vpp = 15V, Vin = 15V 0.1 10-5 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating eeneHens: and “Electrical Characteristics” provide conditions for actual device 
operation. 





1.0 
a 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 
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CD4041UB/CD4041UBC 


DC Electrical Characteristics cp4041uBc (Note 2) 


symbol eraiaane ered eT ET sits 
a a [ew [a 


Quiescent Device Current Vop = = 5V 0.01 
0.01 


Low Level Output Voltage | |Io| < 1 #A, Vit = OV, Vin = Vpop 
Vop = 5V 


Low Level Input Voltage 
Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage 
Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9gV 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vj, = OV 

True Output — 1Vpp = 5V, Vo = 0.4V 

(Note 3) Vpp = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 


Low Level Output Current | Viq = Vop 

Complement Output Vpp = 5V, Vo = 0.4V 

(Note 3) Vpp = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 


High Level Output Current } Vin = Vop 

True Output Vop = 5V, Vo = 4.6V 

(Note 3) Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 

High Level Output Current | Vi_ = OV 

Complement Output Vop = 5V, Vo = 4.6V 

(Note 3) Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


lin Input Current Vop = 15V, Vin = OV -—10-5 —1.0 
Vop = 15V, Vin = 15V 10-5 1.0 


AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, Ry = 200k, Input tp = ts = 20 ns, unless otherwise specified 


Conditions a 


teHL tepLH Propagation Delay Time 
True Output 


tpi, tpLy Propagation Delay Time 
Complement Output 


true tTLH Output Transition Time 
True Output 
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AC Electrical Characteristics* (continued) 
Ta = 25°C, CL = 50 pF, Ry = 200k, Input t; = t; = 20 ns, unless otherwise specified 


| Parameter | Conditions| min | typ | Max _| 


trHL tTLH Output Transition Time 90 180 
Complement Output 45 90 
35 75 

Input Capacitance Anyinput | | to Ts 


*AC Parameters are guaranteed by DC correlated testing. ; 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of ‘Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual 
device operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 


JEN Porad/EantPrordd 


Switching Time Waveforms 


Vec 
ov 
Vcc 


Vout 
COMPLEMENT OUTPUT OV 


Vout 
TRUE OUTPUT 


TL/F/5965-3 
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National | 
Semiconductor 


CD4042BM/CD4042BC Quad Clocked D Latch 


General Description 


The CD4042BM/CD4042BC quad clocked ‘‘D” latch is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with P- and N-channel enhancement mode 
transistors. The outputs Q and Q either latch or follow the 
data input depending on the clock level which is pro- 
grammed by the polarity input. For polarity = 0; the informa- 
tion present at the data input is transferred to Q and Q 
during 0 clock level; and for polarity = 1, the transfer occurs 
during the 1 clock level. When a clock transition occurs 
(positive for polarity = O and negative for polarity = 1), the 
information present at the input during the clock transition is 
retained at the outputs until an opposite clock transition oc- 
curs. 


Connection Diagram 


Dual-In-Line Package 
D4 03 03 


D1 CLOCK POLARITY 02 Vss 


TL/F/5966-1 
Top View 


Logic Diagrams 


TL/F/5966-2 


Features 

gm Wide supply voltage range 

@ High noise immunity 

w Low power TTL 
compatibility 

m Clock polarity control 

w@ Fully buffered data inputs 

m@ Q and Q outputs 


3.0V to 15V 


0.45 Vop (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


Truth Table 


Order Number CD4042B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5966-3 


POLARITY + a = 
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Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Recommended Operating 


Conditions (note 2) 


Supply Voltage (Vpp) 3V to 15V 


Input Voltage (Vin) OV to Vop 


Operating Temperature Range (Ta) 
CD4042BM 
CD4042BC 


Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vin) —0.5V to Vpp +0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


—58°C to + 125°C 
—40°C to + 85°C 


098207dd/Nazr0rdod 


700 mW 
500 mw 


260°C 


DC Electrical Characteristics cp40428M (Note 2) 


Quiescent Device Current | Vpp = 5V 


Conditions 


llol < 1 wA, Vin = Vp. Vi = OV 
Vop = 5V 

Vop = 10V 

Vpp = 15V 


llol < 1 BA, Vin = Von ViL = OV 
Vop = 5V 

Vpp = 10V 

Vop = 15V 


llol <1pA 

Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


llol < 1 pA 

Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vin = Vpp: Vit = OV 
Vop = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vpop = 15V, Vo = 1.5V 


Vin = Vpp: Vit = OV 
Vop =5V, Vo = 4.6V 
Vop =10V, Vo = 9.5V 
Vpop =15V, Vo = 13.5V 


Input Curent Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vssg = OV unless otherwise specified. 
Note 3: Being a latch, the CD4042BM/CD40428C is not clock rise and fall time sensitive. 
Note 4: Ioy and Io. are tested one output at a time. 


Low Level Output Voltage 


High Level Output Voltage 


Low Level Input Voltage 


High Level Input Voltage 


Low Level Output Current 
(Note 4) 


High Level Output Current 
(Note 4) 
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CD4042BM/CD4042BC 


DC Electrical Characteristics cp40428c (Note 2 


0.02 
0.02 
0.02 ie 


0.05 
0.05 
0.05 


High Level Output Voltage | |lo| < 1 2A, Vin = Vpp, Vit = OV 
Vpp = 5V . . 5 
Vpp = 10V 9.95 | 10 
Vpp = 15V : 14.95| 15 


Low Level Input Voltage 
Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage ||Io| < 1 uA 
Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1V or 9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Viq = Vpp, Vit = OV 
Vop = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current | Vi = Vpp, Vit = OV 
Vpp =5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Curent Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. : 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: Being a latch, the CD4042BM/CD4042BC is not clock rise and fall time sensitive. 
Note 4: loy and Io, are tested one output at a time. 
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AC Electrical Characteristics* 
Ta = 25°C, C, = 50 pF, Ry = 200k, Input t, = t; = 20 ns, unless otherwise specified 


Symbol Conditions min | tye | wes] Units 


tpHL tpLH Propagation Delay Time Data In to Q 
tpHL tpLH Propagation Delay Time Data In to Q 
teHL tpLH Propagation Delay Time Clock to Q 
tpHL tpLH Propagation Delay Time Clock to 0 

Minimum Hold Time 

Minimum Setup Time 

Minimum Clock Pulse Width 


trHL tTLH Transition Time 


Cin Input Capacitance Any Input ak ae oe 


“AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual 
device operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: Being a latch, the CD4042BM/CD4042BC is not clock rise and fall time sensitive. 
Note 4: lox and Io, are tested one output at a time. 
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CD4042BM/CD4042BC 


Switching Time Waveforms 


Vpo 
POLARITY 


ty, tf 


(FOR POLARITY = HIGH) 
Voo 


50% 
Vv (FOR POLARITY = LOW) 10% 
Ss ome a, CUED Gu ere 


Q OUTPUT 


OouTPUT 


sox \ 
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TL/F/5966-5 





National 
Semiconductor 


CD4043BM/CD4043BC Quad TRI-STATE® 
NOR R/S Latches 

CD4044BM/CD4044BC Quad TRI-STATE 
NAND R/S Latches 


General Description Features 

CD4043BM/CD4043BC are quad cross-couple TRISTATE ™& Wide supply voltage range 3V to 15V 
CMOS NOR latches, and CD4044BM/CD4044BC are quad ™ Low power 100 nW (typ.) 
cross-couple TRI-STATE CMOS NAND latches. Each latch =m High noise immunity 0.45 Vpp (typ.) 


has a separate Q output and individual SET and RESET =m Separate SET and RESET inputs for each latch 
inputs. There is a common TRI-STATE ENABLE input for all gy NOR and NAND configuration 
four latches. A logic “1” on the ENABLE input connects the 
latch states to the Q outputs. A logic “0” on the ENABLE 
input disconnects the latch states from the Q outputs result- . : 
ing in an open circuit condition on the Q output. The Applications 
TRI-STATE feature allows common bussing of the outputs. ™ Multiple bus storage 
m™ Strobed register 
m= Four bits of independent storage with output enable 
@ General digital logic 


m@ TRI-STATE output with common output enable 


Connection Diagrams 


CD4043BM/CD4043BC CD4044BM/CD4044BC 
Dual-tn-Line and Flat Packages Dual-in-Line and Flat Packages 
Voo s4 Ra a1 R3 $3 a3 a2 












12 11 10 


i i. 
Boscmarered ei gs 
sao 






a 86 at RI $1 ENABLE $2 R2 Vg ao 6c St Ri ENABLE = AZ = Vss 
TL/F/5967-3 TL/F/5967-4 
Top View Top View 
Truth Table Order Number CD4043B* or CD4044B* 
*Please look into Section 8, Appendix D 
for availability of various package types. 
CD4043BM/CD4043BC CD4044BM/CD4044BC 


OC — TRI-STATE 

NC — No change 

X — Don't care 

A — Dominated by S=1 input 
AA — Dominated by R=0 input 
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Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. 


Supply Voltage (Vpp) 
Input Voltage (Vin) 


Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 

Lead Temperature (T|) 
(Soldering, 10 seconds) 


—0.5V to + 18V 
—0.5V to Vop +0.5V 
—65°C to + 150°C 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (note 2) © 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4043BM, CD4044BM 
CD4043BC, CD4044BC 


3.0V to 15V 
0 to Vpp V 


 —55°C to +125°C 
~40°C to +85°C 


CD4043BM/CD4043BC/CD4044BM/CD4044BC 


DC Electrical Characteristics co40438m/cb40448M — 2) 


en cen ee 
Quiescent Vop = 5V, Vin = Vop or Vss 
Device Current | Vpp = Hh Vin = Vpp or vss 
Vpp = 15V, Vin = Vop or Vss 


Low Level lol < 1 wA, Vit = OV, Vin = Vpp 
Output Voltage | Vpp = 5.0V 

Vop = 10V 

Vpop = 15V 


High Level lo] < 1 pA, Vit = OV, Vin = Vo 


Low Level 
Input Voltage 





High Level 
Input Voltage 


Low Level 


Output Voltage | Vpp = 5.0V : : 5.0 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 11 
Output Current 
Vit = OV, Vin = Vpp 


Vop = 10V F 9,95 10 
Vpp = 15V 14.95 | 15 
Vpp = 15V, Vo = 1.5V or 13.5V 

lol < 1 pA 

Vit = OV, Viq = Vop 

Vop = 5.0V, Vo = 0.4V 

Vop = 5.0V, Vo = 4.6V 

Vpp = 10V, Vo = 9.5V 


a Aa 
Vpp = 5.0V, Vo = 0.5V or 4.5V 

Vpp = 10V, Vo = 0.5V 

Vop = 15V, Vo = 13.5V 


Vpp = 5.0V, Vo = 0.5V or 4.5V 
Vpp = 5.0V, Vo = 1.0V or 9.0V 70 
Vpop = 15V, Vo = 1.5V 
High Level 
Input Current Vop = 15V, Vin = OV 
Vpp = 15V, Vin = 15V 


Output Current 


Conditions 


Quiescent 
Device Current 


Vop = 5V, Vin = Vop or Vss 0.01 
Vpp = 10V, Vin = Vpp or Vss 0.04 
Vop = 15V, Vin = Vpp or Vss 0.02 


llo| < 1 pA, Vit = OV, Vin = 1” 
Vpp = 5.0V 

Vpp = 10V 

Vpp = 15V : 
High Level lo] < 1 Las Vit = OV, Viq_ = Vop 
Output Voltage | Vpp = 

Vpp = OV 

Vpp = 15V 


Low Level 
Output Voltage 
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DC Electrical Characteristics cp40438¢/cp40448C (Continued) 


Low Level lol < 1 pA 

Input Voltage | Vop = 5.0V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level lol < 1 pA 

Input Voltage | Vpp = 5.0V, Vo = 0.5V or 4.5V 
Vop = 5.0V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Vit = OV, Vin = Vop 

Output Current | Vpp = 5.0V, Vo = 0.4V 

(Note 3) Vpop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Vit = OV, Vin = Vop 

Output Current | Vpp = 5.0V, Vo = 4.6V 

(Note 3) Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current =} Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 
Ta = 25°C, CL = 50 pF, RL = 200k, input t, = ty; = 20 ns, unless otherwise noted 


| Parameter | Conaitions__ | min | Typ | Max _ 


teLH tpHL Propagation Delay S or R toQ 175 350 
75 175 

60 120 

tpzH, tpHz Propagation Delay Enable to Q (High) 230 
= 110 

80 
tpz_, tpLz Propagation Delay Enable to Q (Low) 100 200 
= 50 100 

= 40 80 

trou tTLH Transition Time 100 200 
50 100 

40 80 
Minimum SET or RESET Pulse Width 80 160 

40 80 

= 20 40 


|_ImputCapactanes | | Es 


“AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and lo, are tested one output at a time. 
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CD4043BM/CD4043BC/CD4044BM/CD4044BC 


Schematic Diagrams 


CD4043BM/CD4043BC CD4044BM/CD4044BC 


R 


E 


Timing Waveforms 


TL/F/5967~1 TL/F/5967-2 


CD4043B 


TL/F/5967-5 TL/F/5967~6 


Enable Timing 


ENABLE 50% 50% 
fe 
90% 
Q 10% 


TL/F/5967-7 
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National 
Semiconductor 


CD4046BM/CD4046BC Micropower Phase-Locked Loop 


General Description 


The CD4046B micropower phase-locked loop (PLL) con- 
sists of a low power, linear, voltage-controlled oscillator 
(VCO), a source follower, a zener diode, and two phase 
comparators. The two phase comparators have a common 
signal input and a common comparator input. The signal 
input can be directly coupled for a large voltage signal, or 
capacitively coupled to the self-biasing amplifier at the sig- 
nal input for a small voltage signal. 


Phase comparator |, an exclusive OR gate, provides a digital 
error signal (phase comp. | Out) and maintains 90° phase 
shifts at the VCO center frequency. Between signal input 
and comparator input (both at 50% duty cycle), it may lock 
onto the signal input frequencies that are close to harmon- 
ics of the VCO center frequency. 


Phase comparator II is an edge-controlled digital memory 
network. It provides a digital error signal (phase comp. Il 
Out) and lock-in signal (phase pulses) to indicate a locked 
condition and maintains a 0° phase shift between signal in- 
put and comparator input. 

The linear voltage-controlled oscillator (VCO) produces an 
output signal (VCO Out) whose frequency is determined by 
the voltage at the VCOjx input, and the capacitor and resis- 
tors connected to pin C1, C1p, R1 and R2. 


The source follower output of the VCOjy (demodulator Out) 
is used with an external resistor of 10 kN or more. 


Block & Connection Diagrams 


SIGNAL 
IN Yoo 
() 


ZENER 


FIGURE 1 


The INHIBIT input, when high, disables the VCO and source 
follower to minimize standby power consumption. The zener 
diode is provided for power supply regulation, if necessary. 


Features 
m Wide supply voltage range 
m@ Low dynamic 
power consumption 
mw VCO frequency 
m@ Low frequency drift 
with temperature 
@ High VCO linearity 


3.0V to 18V 

70 pW (typ.) at 

fo = 10 kHz, Vpp = 5V 

1.3 MHz (typ.) at Vpp = 10V 
0.06%/°C at Vpp = 10V 


1% (typ.) 


Applications 

FM demodulator and modulator 
Frequency synthesis and multiplication 
Frequency discrimination 

Data synchronization and conditioning 
Voltage-to-frequency conversion 

Tone decoding 

FSK modulation 

Motor speed control 


Dual-In-Line Package 


PHASE PULSES 
PHASE COMP | OUT ZENER 
COMPARATOR IN SIGNAL IN 
VCO OUT PHASE COMP 11 OUT 
INHIBIT 

Cla 

Cig DEMODULATOR OUT 


Vss VCO IN 


TL/F/5968-2 
Top View 


Order Number CD4046B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5968-1 
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CD4046BM/CD4046BC 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Recommended Operating 
Conditions (note 2) 


Distributors for availability and specifications. 


DC Supply Voltage (Vpp) 
Input Voltage (Vin) 
Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


DC Supply Voltage (Vpp) 


—0.5 to +18 Voc Input Voltage (Vin) 


—0.5 to Vop + 0.5 Voc 
—65°C to + 150°C 


CD4046BM 
CD4046BC 


700 mW 
500 mW 


260°C 


DC Electrical Characteristics cps0468m (Note 2) 


Quiescent Device Current 


Low Level Output Voltage 


High Level Output Voltage 


Low Level Input Voltage 
Comparator and Signal In 


High Level Input Voltage 
Comparator and Signal In 


Low Level Output Current 
(Note 4) 


High Level Output Current 
(Note 4) 


Input Current 


Input Capacitance Any Input (Note 3) 


Total Power Dissipation 


Conditions 


Pin 5= Yop: Pin 14 = Vpp, 


Pin 5 = Vpp, Pin 14 = Open, 
Pin 3,2 = Vss 

Vpp = 5V 

Vpp = 10V 

Vop = 15V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9gV 
Vop = 15V, Vo = 1.5V or 13.5V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1V or 9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


Vop = 5V, Vo = 4.6V 
Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


All inputs Except Signal Input 
Vop = 14V, Vin = OV 
Vop = 15V, Vin = 15V 


fo = 10 kHz,R1 = 1MN 
R2 = 0, VCOin = Vpp/2 
5V 


Vpp = 
Vpp = 10V 
Vpp = 15V 





5-142 


0 
2 


6 
4 


3 to 15 Voc 
Oto Vpp Voc 


Operating Temperature Range (Ta) 
—55°C to + 125°C 
—40°C to + 85°C 





a Se TT 





DC Electrical Characteristics cp4046sc (Note 2) 


Quiescent Device Current | Pin5 = Vpp, Pin 14 = Vpp, 


+ 
oa 
Q 
fo) 


oF 
wo © 
aa 


Jg9r0rdd/NasPr0rdod 


— 
a 
Oo 


Pin 5 = Vpp, Pin 14 = Open, 
Pin 3,9 = Vss 

Vpp = 5V 

Vpp = 10V 

Vop = 15V 


Low Level Output Voltage 


High Level Output Voltage 


Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Comparator and Signal In | Vpp = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Comparator and Signal In | Vpp = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 
(Note 4) Vpop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current | Vpp = 5V, Vo = 4.6V 
(Note 4) Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current All Inputs Except Signa! Input 
Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Input Capacitance Any Input (Note 3) al as 


Total Power Dissipation |f) = 10kHz,R1 = 1M, 
R2 = ©, VCOin = Vpp/2 
Vpp = 5V 
Vpp = 10V 
Vpp = 15V 
Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 


should be operated at these limits. The table of ‘Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
Operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: Capacitance is guaranteed by periodic testing. 
Note 4: lox and Io, are tested one output at a time. 
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CD4046BM/CD4046BC 


AC Electrical Characteristics* cp4o4eam/cp40468C Ta = 25°C, C, = 50 pF 


VCO SECTION 
Operating Current 


Maximum Operating Frequency 


Linearity 


Temperature-Frequency Stability 
No Frequency Offset, fryin = 0 


Frequency Offset, fin ~ 0 


Input Resistance 


Output Duty Cycle 


VCO Output Transition Time 


*AC Parameters are guaranteed by DC correlated testing. 


Symbol Conditions |_Min | typ | Max | Units 


fo = 10 kHz, R1 
R2 = 0, VCOin 
Vop = 5V 

Vpp = 10V 
Vop = 15V 


Ci = 50pF, R1 = 10kQ, 
R2 = ©, VCOin = Vpp 
Vpop = 5V 

Vop = 10V 

Vpop = 15V 


VCO = 2.5V £0.3V, 

R1 = 10 k9, Vop = 5V 
VCOin = 5V +2.5V, 

R1 = 400 k9, Vpp = 10V 
VCOin = 7.5V £5V, 

R1 = 1MQ, Vpp = 15V 


Rl’C« 1/f. Vpp 
R2= 0 

Vpp = 5V 

Vop = 10V 
Vpp = 15V 


0.12~0.24 
0.04~0,08 
0.015-0.03 


0.06-0.12 
0.05-0.1 
0.03-0.06 . 
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AC Electrical Characteristics* cps0468m/cp40468C T, = 25°C, C, = 50 pF (Continued) 


Symbol | Parameter | Conaitions, | in| Typ | Max | Units 


PHASE COMPARATORS SECTION 


Input Resistance 
Signal Input 


Comparator Input 


AC-Coupled Signal Input Voltage Cseries = 1000 pF 
Sensitivity f = 50 kHz 

Vpp = 5V 

Vop = 10V 

Vop = 15V 


DEMODULATOR OUTPUT 


Offset Voltage RS 2 10k, Vpp = 5V 
RS = 10 kQ, Vpp = 10V 
RS = 50k, Vpp = 15V 


Linearity RS = 50k 
VCOin = 2.5V £0.3V, Vpop = 5V 
VCOw = 5V £2.5V, Vop = 10V 
VCOjn = 7.5V +5V, Vop = 15V 


ZENER DIODE 


Zener Diode Voltage 
CD4046BM Iz = 50 pA 6.7 
CD4046BC 6.3 
_|_ Zener Dynamic Resistance po ppss see 


*AC Parameters are guaranteed by DC correlated testing. 
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CD4046BM/CD4046BC 


Phase Comparator State Diagrams 


PHASE COMPARATOR | 


INPUT STATE 
COMPARATOR 
IN 


g 


SIGNAL 
IN 


PHASE COMP | OUT 


PHASE COMPARATOR Il 


INPUT STATE 
COMPARATOR 


fo 


SIGNAL 
IN 


PHASE COMP II OUT 


TRI-STATE® 


FIGURE 2 


Typical Waveforms 


PHASE COMPARATOR | 
Vss 
pel (aes A aa 
VoL 
ve LPL LL 
Von 


at rarnwqnm 


Vo. — 


SIGNAL IN 
COMPARATOR IN 


PHASE COMP | OUT 


vCOin 
(LOW PASS FILTER OUTPUT) 


TL/F/5968-4 
FIGURE 3. Typical Waveform Employing Phase 
Comparator | in Locked Condition 
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SIGNAL IN 


COMPARATOR IN 


PHASE PULSES 


PHASE COMP I! OUT 


VCO, 
(LOW PASS FILTER OUTPUT) 


TL/F/5968~-3 


PHASE COMPARATOR II 


Voo —T1 rT 


Vss 


Vo 


Vor 


SS 


VoL 
re 
Volt 

TL/F/5968-5 


FIGURE 4. Typical Waveform Employing Phase 
Comparator Il In Locked Condition 





Typical Performance Characteristics 


Typical Center Frequency vs Typical Frequency Offset vs 
Ci for R1 = 10k, 100 ko C1 for R2 = 10 kN, 100 kn Typical fuax/fmin VS 
‘4 R2/R1 





f, - CENTER FREQUENCY (Hz) 
fun — FREQUENCY (Hz) 








10-5 10-4 10-3 40-2 y0-1 910 10-5 10-4 1073 19-2 10-1 110 
C1 — VCO TIMING CAPACITOR (uF) C1 - VCO TIMING CAPACITOR (uF) 


FIGURE 5a FIGURE 5b FIGURE 5c 


Typical VCO Power Dissipation Typical VCO Power Dissipation Typical Source Follower 


at Center Frequency vs R1 at fain vs R2 ; Power Dissipation vs Rs 
10! pny 


Pp — VCO POWER DISSIPATION (.W) 
aril 


CTT VAT 





a 
SUPPLY 
11] VOLTAGE 
Vop = 15V 8 
a Re a 


i 
= 
3 
2 
o 
os ° 
= = 
= = 
2 an 
° 2 
rs a 
= s 
8 5 
a o 
4 
4 Z 
S Fs 
—) 
S =) 
s be 
> bd 
: = 
< > 
So 
” 
' 
Qa 
a 


RY (k2) R2 (ks) Rg — (ks2) 
FIGURE 6a FIGURE 6b FIGURE 6c 


Typical VCO Linearity vs 
Rt andC1 


Vpp = 10V, VCOjy = SV £2.5V, R2 =v 


a aes y Linearity = 22 —175¥) 
0 sone 


LINEARITY (%) 
LINEARITY (%) 


RA (k2) RA (k&2) 


FIGURE 7 TL/F/5968-6 


Note: To obtain approximate total power dissipation of PLL system for no-signal input: Phase Comparator I, Pp (Total) = Pp (fo) + Pp (fain) + Pp (Rs); Phase 
Comparator {I, Pp (Total) = Pp (fain). 





5-147 


J89r07d9/N9P0PGD 


CD4046BM/CD4046BC 


Design Information 


This information is a guide for approximating the value of 
external components for the CD4046B in a phase-locked- 


In addition to the given design information, refer to Figure 5 
for R1, R2 and C1 component selections. 


loop system. The selected external components must be 
within the following ranges: R1, R2 = 10 kM, Rs = 10 kN, 
C1 = 50 pF. 


Using Phase Comparator f 


‘| VCO Without Offset 


Characteristics VCO Without Offset 


R2 = 2% 
VCO Frequency 


Von?2 Yoo 
VCO INPUT VOLTAGE 


TL/F/5968-9 


Vop2 Yoo 
VCO INPUT VOLTAGE 


TL/F/5968-8 


VCO in PLL system will adjust 
to center frequency, fo 


2 f, = full VCO frequency range 
2 f= fmax — fmin 


VCO INPUT VOLTAGE 
TL/F/5968-7 


For No Signal Input 


Frequency Lock 
Range, 2 fL 


Frequency Capture 
Range, 2 fc 


Loop Filter 
Component 


Selection For 2 fc, see Ref. 


Bas 


TL/F/5968-12 


Phase Angle Between 
Single and Comparator 


Locks on Harmonics 
of Center Frequency 


Signal Input Noise 
Rejection 


VCO Component 
Selection 


90° at center frequency (fp), approximating 
0° and 180° at ends of lock range (2 f,) 


Given: fo. Given: fp and f,. 


Use fg with 
Figure 5a to 
determine R1 
and C1, 


Given: fmax- 


Calculate fmin 
from the equation 


Calculate fy from 
the equation 


fmin = fo — fL. f, — imax 
oO . 
Use fmin with Figure 5b 2 
to determine R2 and C1. | Use fy with Figure 5a to 

f determine R1 and C1. 
Calculate rah 


min 
from the equation 
fmax _ fo + fL 
fmin fo — fL 
f 
Use with Figure 5c 
fmin 
to determine ratio R2/ 
R1 to obtain R1. 


References 
G.S. Moschytz, ‘“Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965. 
Floyd Gardner, ‘‘Phaselock Techniques”, John Wiley & Sons, 1966. 
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Using Phase Comparator Il 


VCO With Offset 


Voo/2 Yoo 
VCO INPUT VOLTAGE 


TL/F/5968-10 


VCO in PLL system will adjust to 
lowest operating frequency, fmin 


Always 0° in lock 


No 


Given: fmin and fmax: 


Figure 5b to 
determine R2 and C1. 


f 
Calculate 2, 
fmin 


fmax 


Use with Figure 5c 


fmin 
to determine ratio 
R2/R1 to obtain R1. 





National — 
Semiconductor 


CD4047BM/CD4047BC Low Power 
Monostable/Astable Multivibrator 


General Description 


CD4047B is capable of operating in either the monostable 
or astable mode. It requires an external capacitor (between 
pins 1 and 3) and an external resistor (between pins 2 and 
3) to determine the output pulse width in the monostable 
mode, and the output frequency in the astable mode. 
Astable operation is enabled by a high level on the astable 
input or low level on the astable input. The output frequency 
(at 50% duty cycle) at Q and Q outputs is determined by the 
timing components. A frequency twice that of Q is available 
at the Oscillator Output; a 50% duty cycle is not guaranteed. 
Monostable operation is obtained when the device is trig- 
gered by low-to-high transition at + trigger input or high-to- 
low transition at — trigger input. The device can be retrig- 
gered by applying a simultaneous low-to-high transition to 
both the + trigger and retrigger inputs. 

A high level on Reset input resets the outputs Q to low, Q to 
high. 


Features 

m Wide supply voltage range 

f High noise immunity 

m@ Low power TTL 
compatibility 

SPECIAL FEATURES 

m Low power consumption: special CMOS oscillator con- 
figuration 

m Monostable (one-shot) or astable (free-running) opera- 
tion 

@ True and complemented buffered outputs 

@ Only one external R and C required 


3.0V to 15V 


0.45 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


Block and Connection Diagrams 


c 
TIMING 


Low 
POWER 
ASTABLE 
MULTIVIBRATOR 
FREQUENCY 
DIVIDER 
(2) 


MONOSTABLE MULTIVIBRATOR FEATURES 

@ Positive- or negative-edge trigger 

m@ Output pulse width independent of trigger pulse dura- 
tion 

@ Retriggerable option for pulse width expansion 

™ Long pulse widths possible using small RC components 
by means of external counter provision 

m@ Fast recovery time essentially independent of pulse 
width 

@ Pulse-width accuracy maintained at duty cycles ap- 
proaching 100% 


ASTABLE MULTIVIBRATOR FEATURES 
™ Free-running or gatable operating modes 
mw 50% duty cycle 

@ Oscillator output available 


m Good astable frequency stability 
typical = +2% + 0.03%/°C @ 100 kHz 
frequency = +0.5% + 0.015%/°C @ 10 kHz 
deviation (circuits trimmed to frequency 
Vpp = 10V +10%) 


Applications 

@ Frequency discriminators 
@ Timing circuits 

™@ Time-delay applications 
mw Envelope detection 

@ Frequency multiplication 
m@ Frequency division 


Dual-In-Line Package 


- TRIGGER EXT RESET 


Vsg + TRIGGER 


TL/F/5969-2 
Top View 


Order Number CD4047B* 


*Please look into Section 8, Appendix D for 
availability of various package types. 


TL/F/5969-1 
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CD4047BM/CD4047BC 


Absolute Maximum Ratings (Notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Recommended Operating 
Conditions (Note 2) 


DC Supply Voltage (Vpp) 3V to 15Voc 


DC Supply Voltage (Vpp) 
Input Voltage (V)n) 
Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


~0.5V to +18Vp¢ Input Voltage (Vin) 


—0.5V to Vop +0.5Vpc 
—65°C to + 150°C 


CD4047BM 
CD4047BC 


700 mW 
500 mW 


260°C 


DC Electrical Characteristics cp40478m (Note Tony 


Low Level Output Voltage 
High Level Output Voltage 


Low Level Input Voltage 
High Level input Voltage 


Low Level Output Current 
(Note 3) 


High Level Output Current 
(Note 3) 


Input Current 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vpp = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
Vop = 5V, Vo = 4.6V 
Vpop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 
Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Quiescent Device Current 


Low Level Output Voltage 


High Level Output Voltage 


lol < 1 pA 

Vpp = 5V . 4.95 

Vpp = 10V | 9. 9.95 | 10 
Vpp = 15V 14.95 | 15 


Operating Temperature Range (Ta) 


0 to Vop Voc 


—§5°C to + 126°C 
—40°C to + 85°C 





DC Electrical Characteristics cp40478¢ (Note 2) (Continued) 


| arc | ac | ase 
Parameter Conditions 
a er 


Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V : 1.5 1.5 
Vop = 10V, Vo = 1Vor9V : : 3.0 3.0 
Vop = 15V, Vo = 1.5V or 13.5V i . 4.0 4.0 


High Level Input Voltage |Vpp = 5V, Vo = 0.5V or 4.5V ; : 5 3.5 
Vpp = 10V, Vo = 1V or 9V : : : 7.0 
Vpop = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 
(Note 3) Vop = 10V, Vo = 0.5V 
Vop = 18V, Vo = 1.5V 


High Level Output Current | Vpp = 5V, Vo = 4.6V 
(Note 3) Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Note 1: ‘‘Absolute Maximum Ratings” are those values ARE which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
Oepration. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: !oy and lo, are tested one output at a time. 


AC Electrical Characteristics* cp40478 
Ta = 25°C, C, = 50 pF, R, = 200k, input t; = t; = 20 ns, unless otherwise specified. 


symbol Conditions| min | Typ | Max | _Units 


tpHL tpLH Propagation Delay Time Astable, 
Astable to Osc Out 


teHL tpLH Astable, Astable to Q, Q 

tpHL, tpLH + Trigger, — Trigger toQ 
teHL, tec + Trigger, Retrigger toO 
tpHe tpLH Reset to Q,Q 

trHL tTLH Transition Time Q, Q, Osc Out 


twL twH Minimum Input Pulse Duration Any Input 
Vpp = 5V 
Vpp = 10V 
Vop = 15V 


tacL tect + Trigger, Retrigger, Rise and 
Fall Time 


Cin Average Input Capacitance Any Input i ee 


*AC Parameters are guaranteed by DC correlated testing. 
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CD4047BM/CD4047BC 


Logic Diagram 


ASTABLE O© '>o 
eee 
ASTABLE © 

+ TRIGGER O 


a 
a we 
= TRIGGER © |>o s 


1 
S00 oso out 


O< [+o retriccer 


7) 
Sp 
|” 


Q 
D 


=> Missi eS 


O< | So EXT RESET 


TL/F/5969-~-3 
*Specia! input protection circuit to permit larger input-voltage swings. 


Truth Table 


Terminal Connections Output Pulse Typical Output 


Function Period or 
Input Pulse 


- Astable Multivibrator 
Free-Running 7, 8, 9, 12 10, 11,13 ta (10, 11) = 4.40 RC 
True Gating 7, 8, 9,12 10, 11,13 7 
Complement Gating 5, 7, 8, 9, 12 10, 11, 13 TANS) = 220 NG 


Monostable Multivibrator 
Positive-Edge Trigger 5,6, 7,9, 12 
Negative-Edge Trigger 5, 7,9, 12 ty (10, 11) = 2.48 RC 
Retriggerable 5,6, 7,9 


External Countdown* (See Figure) 


Note: External resistor between terminals 2 and 3. External capacitor between terminals 1 and 3. 


*Typical Implementation of External Countdown Option 


TL/F/5969-4 
text = (N — 1) ta + (ty + ta/2) 
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Typical Performance Characteristics 


Typical Q, G, Osc Out Period Typical Q, Q, Pulse Width 
Accuracy vs Supply Voltage Accuracy vs Supply Voltage 
(Astable Mode Operation) Monostable Mode Operation 


Pee isich| 
a 
RCRA 
PANE CELT 
RSS 
Co 
a ee as 
a 
5 10 
Vpp — SUPPLY VOLTAGE (V) 


JgZr0rdd/WaZP0rda 


PERIOD ACCURACY FOR Q, 0 AND OSC OUT (%) 
PULSE WIDTH ACCURACY FOR O AND i (%) 


Vpp — SUPPLY VOLTAGE (V) 
TL/F/5969-5 TL/F/5969-6 


fg,Q R Cc R . Cc 
1000 kHz 22k 10 pF 22k 10 pF 
100 kHz 22k 100 pF 22k 100 pF 
10 kHz 220k 100 pF 220k 100 pF 
1 kHz 220k 1000 pF 220k 1000 pF 
100 Hz 2.2M 1000 pF 2M 1000 'PF: 


Typical Q, Q and Osc Out Typical Q and Q Pulse Width 
Period Accuracy vs Temperature Accuracy vs Temperature 
Astable Mode Operation Monostable Mode Operation 


D (SV, 10V, 15V) 


PULSE WIDTH ACCURACY FOR Q, 0(%) 


me fel Eo B (5V, 
a5) ei “ WL 
eta PEC 
~65 -35 -5 25 55 85 115 145 -65 -35 -5 25 65 85 115 145 
Tp - AMBIENT TEMPERATURE (°C) Tq — TEMPERATURE (°C) 
TL/F/5969-7 TL/F/5969-8 

fa, Qa R Cc R Cc 
1000 kHz 10 pF 10 pF 
100 kHz 100 pF 100 pF 
10 kHz 100 pF 100 pF 
1 kHz 1000 pF 1000 pF 





PERIOD ACCURACY FOR Q, 0, OSC OUT (%) 


Timing Diagram 
Astable Mode Monostable Mode 


Sie A eof es ee oe 
TL/F/5969-9 te | 





TL/F/5969-10 


Retrigger Mode 
+ TRIGGER r1 mr 
RETAIGGED 
Osc OUT | | J | | 
toe ee 


TL/F/5969-11 





5-153 


CD4048BM/CD4048BC 


National — 
Semiconductor 


CD4048BM/CD4048BC TRI-STATE® Expandable 


8-Function 8-Input Gate 


General Description 


The CD4048BM/CD4048BC is a programmable 8-input 
gate. Three binary control lines Kg, Kp, and Kg determine 
the 8 different logic functions of the gate. These functions 
are OR, NOR, AND, NAND, OR/AND, OR/NAND, 
AND/OR, and AND/NOR. A fourth input, Kg, is a TRI- 
STATE control. When Kg is high, the output is enabled; 
when Kg is low, the output is a high impedance. This feature 
enables the user to connect the device to a common bus 
line. The Expand input permits the user to increase the num- 
ber of gate inputs. For example, two 8-input CD4048’s can 
be cascaded into a 16-input multi-function gate. When the 
Expand input is not used, it should be connected to Vss. All 


Logic Diagram 


Connection Diagram 


Dual-In-Line Package 
INPUTS 


Kg 
TRI= STATE 
CONTROL 


Top View 


inputs are buffered and protected against electrostatic ef- 
fects. 


Features 

a Wide supply voltage range 

@ High noise immunity 

@ High sink and source current capability 

@ TTL compatibility drives 1 standard TTL load 

at Vcc = 5V, 

over full temperature range 

m Many logic functions in one package 


3.0V to 15V 
0.45 Vpp (typ.) 


TL/F/5970-1 


FUNCTION CONTROL 


Order Number CD4048B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5970-2 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vin) —0.5V to Vop + 0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (note 2) 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4048BM 
CD4048BC 


3V to 15V 
OV to Vop 


—58°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics cp4048BM (Note 2) 


Quiescent Device 
Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


Vpop = 5V 
Vop = 10V 
Vop = 15V 


llol < 1 WA, Vin = Von: Vir = OV 
Vpp = 5V 

Vop = 10V 

Vop = 15V 


llol < 1 WA, Vin = Von: Vit = OV 
Vop = 5V 

Vpp = 10V 

Vop = 15V 


llol < 1 pA 

Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 
llol < 1 pA 

Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vin = Vpp, Vit = OV 
Vop = 5V, Vo = 0.4V 


Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


ViH = Vop, Vit = OV 
Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 16V, Vo = 13.5V 


150 
300 
600 


TRI-STATE Leakage | Vpp = 15V, Vo = OV —0.002 
Current Vop = 15V, Vo = 15V 0.002 


Input Current 


DC Electrical Characteristics cp4048Bc (Note Pe 


} Parameter 


a Device 
Current 


Low Level 
Output Voltage 


Vop = 15V, Vin = OV 
Vpp = 15V, Vin = 15V 


Conditions 


Vop = 5V 

Vpp = 10V 

Vpop = 15V 

llol < 1 #A, Vin = Vo, Vit = OV 
Vpop = 5V 

Vpp = 10V 

Vop = 15V 
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+85°C 
See 


0.04 150 
0.01 300 


0.01 600 


0.05 
0.05 
0.05 


0.05 
0.05 
0.05 





J88r0rdo/NdsP0rdd 





CD4048BM/CD4048BC 


DC Electrical Characteristics cp40488c (Note 2) (Continued) 


Parameter Conditions | 40 +25°C +85°C 
| Min | Max | Min | Typ | Max | Min | Max | 


High Level llol < 1 #A, Vin = Vpn, Vit = OV 
V 






































Output Voltage Vpp = 5 Vv 
Vop = 10V Vv 
Vop = 15V Vv 













lol < 1 pA 
Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1VorgV 
Vop = 15V, Vo = 1.5V or 13.5V 
lol < 1 pA 
Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V" 


ViH = Vpp: Vit = OV 
Vpp = 5V, Vo = 0.4V 

Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


Low Level 
Input Voltage 


<<< 











VIH High Level 


Input Voltage 












Low Level Output 
Current (Note 3) 


lou 












lou High Level Output =| Vin = Vpp, Vit = OV 
Current (Note 3) Vpp = 5V, Vo = 4.6V mA 
Vpp = 10V, Vo = 9.5V mA 






Vop = 15V, Vo = 13.5V 
TRI-STATE Leakage | Vpp = 15V, Vo = OV -0.6 —0.005 | —0.6 
Current Vpp = 15V, Vo = 15V 0.6 0.005 | 0.6 
Input Current Vpp = 15V, Vin = OV —10-5 —1.0 
Vpop = 15V, Vin = 15V 10-5 1.0 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and ‘Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: loy and Io, are tested one output at a time. 


AC Electrical Characteristics* 
Ta = 25°C, C, = 50 pF, Ry = 200 kN, t, = tp = 20 ns, unless otherwise specified 


symbol | Parameter | __Gonditions_ | Min__| Typ | Max__| Units 





tPHL, tPLH Propagation Delay Time ns 
ns 
ns 

tpLz, tpHz Propagation Delay Time, 
Kg to High Impedance ns 
(from Active Low ns 
or High Level) ns 

tpzL, tpZ7H Propagation Delay Time, 
Kg to Active ns 
High or Low Level ns 
(from High Impedance) ns 
ttHe tTLH Output Transition Time ns 
ns 
ns 


Cin Input Capacitance Any Input ie ee ee ee pF 


Capacitance 


*AC Parameters are guaranteed by DC correlated testing. 
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Truth Table 


Output Boolean Control Inputs Unused 
Function Expression | Ka | Kp | Ke | Inputs 
0 


FBTCTDTET+FTGTH G. | A 
+B+C+D+E+F+G+H 
+B+C+De(E+F+G+H) 

ATBTC+D ETF TGTH) 

AeBeCeDeEeFeGeH 

AeBeCeDeEereGeH 

(AeBeCeb) + Eer*Geh) 

AeBeCeD) + (EeFeGeH) 


OR/NAND 
AND 
NAND 
AND/NOR 
AND/OR 
Hi-Z 


Positive logic: 0 = low level, 1 = high level, X = irrelevant, EXPAND input tied to Vss. 


eeeeuwewwcn 
hued td vou a 
x<x-]2]2 00-200 


1 
1 
1 
1 
1 
1 
1 
0 


x2 OW O+-" 0-4 


AC Test Circuits and Switching Time Waveforms 


Logic Propagation Delay Time Tests 
Vop 
) 


Ov 


Vop 
OUTPUT J 
ov 


TL/F/5970-4 


TRISTATE 
CONTROL “4 
ov 


TRISTATE 
CONTROL Voo 


OUTPUT J 
=OV 


TL/F/5970-6 


Yoo 
TRISTATE 
CONTROL 
TRISTATE ov 


K 
CONTROL “d tty 


Vpoo—_—— 


OUTPUT J 
ov 


TL/F/5970-7 TL/F/5970-8 
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J88r0rdo/Wasrordd 


Typical Performance Characteristics 


Propagation Delay vs Load Output Transition Time vs 
Capacitance 
600 30 
500 


400 


CD4048BM/CD4048BC 


200 


tpHL. tPLH. PROPAGATION DELAY (ns) 
tree tTLH — OUTPUT TRANSITION TIME (ns) 


C,, — LOAD CAPACITANCE (pF) C,, — LOAD CAPACITANCE (pF) 
TL/F/5970-9 TL/F/5970-10 


Basic Logic Configurations 


NOR: 


zs oanmtmmoaoe#se Yr 
zoanrmoonow Pp 
zonrmmoensr7 > 


EXPAND 
EXPAND _ TL/F/5970-12 


TL/F/5970~13 
TL/F/5970-11 KaKpKe = 001 KaKpKe = 101 


KaKpKe = 000 


AND OR/AND OR/NAND 


zsonmrmoonw Pp 
zrantmmoonow.> 
zanrnmronw Pr 


EXPAND EXPAND 


TL/F/5970-14 TL/F/5970-15 TL/F/5970-16 
KaKpKe = 100 KaKpKe = 010 KaKpKe = 011 


AND/OR AND/NOR 


zranrmmoonen YP 
zranmon.w > 


EXPAND 


TL/F/5970-17 TL/F/5970-18 
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Actual Circuit Configurations 


NOR 


EXPAND EXPAND EXPAND 
E E 


fF F 
G G 
H 7 H 
TL/F/5970-19 TL/F/5970-20 TL/F/5970-21 
AND OR/AND OR/NAND 


A 
B 
re 
0 


A 
B 
c 
1) 


EXPAND EXPAND EXPAND 

E E E 

F F F 

G G G 

H H H 
TL/F/5970-22 TL/F/5970-23 TL/F/5970-24 


KaKpKe = 100 KakKpK, = 010 KaKpKe = 011 


AND/OR AND/NOR 


EXPAND EXPAND 
E 


F 
G 
H 

TL/F/5970-25 TL/F/5970-26 


KakpKe = 111 


Truth Table for EXPAND Feature 


Combined Function 
Output Needed at 
Function Expand Input 
NOR J=A@€+B4+C+D+E+F+G+ A) + (EXP) 
OR J=(A+B+C+D+E+F+G+H) + (EXP) 

AND J = (ABCDEFGH) e EXP 


NAND J = (ABCDEFGH) ¢ EXP 

OR/AND J=(A+B+C+D)e(E+F+G +H) (EXP) 
OR/NAND J=(A+B+C+D)°(E+F+G +H) (XP) 
AND/NOR J = (ABCD) + (EFGH) + (EXP) 

AND/OR J = (ABCD) + (EFGH) + (EXP) 


Note: Positive logic is assumed. (EXP) represents the logic level present at the EXPAND input. 


Output Boolean 
Expression 
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CD4048BM/CD4048BC 


Typical Applications of EXPAND Feature 


16-Input NOR Gate 12-Input OR/AND Gate 


ouTPuT Voo Yoo * QUTPUT Voo 
e 


cps04e8 cps04e8 
(NOR (oR G cp4048B 
FUNCTION) FUNCTION) (OR/AND 
F FUNCTION) 


TL/F/5970-27 


/ - 
Output = Al + 81+ C1+D1+6E1+F1+Gi+Hi t+ SESE Ee 


A2 + B2 + 02+ b2 + bo +o + Go + He Output = (A+B+C+D)e(E+F+G+H) 
© (X1 + X2 + X3 + X4) 
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National © 
Semiconductor 


CD4049UBM/CD4049UBC Hex Inverting Buffer 
CD4050BM/CD4050BC Hex Non-iInverting Buffer 


General Description 


These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan- 
nel enhancement mode transistors. These devices feature 
logic level conversion using only one supply voltage (Vpp). 
The input signal high level (Vi) can exceed the Vpp supply 
voltage when these devices are used for logic level conver- 
sions. These devices are intended for use as hex buffers, 
CMOS to DTL/TTL converters, or as CMOS current drivers, 
and at Vpp = 5.0V, they can drive directly two DTL/TTL 
loads over the full operating temperature range. 


Connection Diagrams 


CD4049UBM/CD4049UBC 
Dual-iIn-Line Package 


F K=E E 


Vss 
TL/F/5971-1 
Top View 


Order Number CD4049UB* or CD4049B* 


Features 

@ Wide supply voltage range 3.0V to 15V 

m Direct drive to 2 TTL loads at 5.0V over full tempera- 
ture range 

@ High source and sink current capability 

m Special input protection permits input voltages greater 
than Vpp 


Applications 

m CMOS hex inverter/buffer 

m CMOS to DTL/TTL hex converter 

m CMOS current “sink” or “source” driver 
@ CMOS high-to-low logic level converter 


CD4050BM/CD4050BC 
Dual-In-Line Package 


F KE E 


TL/F/5971~-2 
Top View 


Order Number CD4050UB* or CD4050B* 


*Ptease look into Section 8, Appendix D for availability of various package types. 
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CD4049UBM/CD4049UBC/CD4050BM/CD4050BC 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. 
Supply Voltage (Vpp) 

Input Voltage (Vin) 

Voltage at Any Output Pin (Vout) 
Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 

Lead Temperature (T) 
(Soldering, 10 seconds) 


—0.5V to + 18V 
—0.5V to + 18V 


—0.5V to Vpp + 0.5V 


—65°C to + 150°C 


700 mW 
500 mW 


260°C 


Recommended Operating. 


Conditions (note 2) 
Supply Voltage (Vpp) 

Input Voltage (Vin) 

Voltage at Any Output Pin (Vout) 


Operating Temperature Range (Ta) 
CD4049UBM, CD4050BM 
CD4049UBC, CD4050BC 


3V to 15V 
OV to 15V 
Oto Vpp 


—55°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics cp4049mM/cp4050BM (Note 2) 


Quiescent Device Current 


Low Level Output Voltage 


High Level Output Voltage 


Low Level Input Voltage 
(CD4050BM Only) 


Low Level Input Voltage 
(CD4049UBM Only) 


High Level Input Voltage 
(CD4050BM Only) 


High Level Input Voltage 
(CD4049UBM Only) 


Low Level Output Current 
(Note 3) 


Vin = Vop: Vit = OV, 
llol <1 pA 

Vpp = 5V 

Vpp = 10V 

Vpop = 15V 


Vin = Vop: Vit = OV, 
lol <1 pA - 

Vpp = 5V 

Vpp = 10V 

Vop = 15V 


lig] < 1 pA 

Vpp = 5V, Vo = 0.5V 
Vpp = 10V, Vo = 1V 
Vop = 15V, Vo = 1.5V 


lol < 1 pA 

Vop = 5V, Vo = 4.5V 
Vpp = 10V, Vo = 9V 
Vop = 15V, Vo = 13.5V 


llol < 1 pA 

Vop = 5V, Vo = 4.5V 
Vop = 10V, Vo = 9V 
Vop = 15V, Vo = 13.5V 


lol <1 pA 

Vpp = 5V, Vo = 0.5V 
Vpp = 10V, Vo = 1V 
Vpop = 15V, Vo = 1.5V 


ViH = Vpp: Vit = OV 
Vpp = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of ‘Recommended Operating Conditions” and ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 


Note 3: These are peak output current capabilities. Continuous output current is rated at 12 mA maximum. The output current should not be allowed to exceed this 
value for extended periods of time. io, and loy are tested one output at a time. 
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DC Electrical Characteristics cp4049m/cb40508M (Note 2) (Continued) 


Pmin | Max | win | Typ | Max | Min | max | 


High Level Output Current | Vi = Vop, Vit = OV 

(Note 3) Vop = 5V, Vo = 4.6V 
Vob = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 


Note 3: These are peak output current capabilities. Continuous output current is rated at 12 mA maximum. The output current should not be allowed to exceed this 
value for extended periods of time. lo. and Ioy are tested one output at a time. 


DC Electrical Characteristics cp4049U8c/cD4050BC (Note 2) 


| | are | tac | esc | 
Parameter Conditions 
ee a [a [in 


Quiescent Device Current = 0.03 
0.05 Be 
0.07 | 16.0 


Low Level Output Voltage | Vi = Vpp, Vit = OV, 
lol <1 pA 
Vop = 5V 
Vop = 10V 
Vop = 15V 


High Level Output Voltage | Vi = Vpp, Vit = OV, 
lol <1 pA 
Vpp = 5V : : 4.95 
Vpop = 10V : : 9.95 
Vop = 15V ; 14.95 


Low Level Input Voltage lol < 1 pA 

(CD4050BC Only) Vpp = 5V, Vo = 0.5V 
Vop = 10V, Vo = 1V : . 
Vop = 15V, Vo = 1.5V : : 


Low Level Input Voltage llol < 1 pA 

(CD4049UBC Only) Vpp = 8V,Vo = 4.5V 
Vpp = 10V, Vo = 9V 
Vop = 15V, Vo = 13.5V 


High Level Input Voltage | |Iol <1 pA 

(CD4050BC Only) Vpp = 5V, Vo = 4.5V 
Vpop = 10V, Vo = 9V 
Vop = 15V, Vo = 13.5V 


High Level Input Voltage | |lol < 1A 

(CD4049UBC Only) Vop = 5V, Vo = 0.5V 
Vop = 10V, Vo = 1V 
Vop = 15V, Vo = 1.5V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: These are peak output current capabilities. Continuous output current is rated at 12 mA maximum. The output current should not be allowed to exceed this 
value for extended periods of time. Io. and Igy are tested one output at a time. 
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CD4049UBM/CD4049UBC/CD4050BM/CD4050BC 


DC Electrical Characteristics cp4049usc/cbD4050BC (Note 2) (Continued) .. 


= 
[Min [wax] win | typ |Max| Min_| Max 


Low Level Output Current | Viq = Vpp, Vit = OV 
(Note 3) Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 
High Level Output Current | Vin = Vop, Vit = OV 
(Note 3) Vpp = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* cp4049u8m/cp4049UBc 
Ta = 25°C, C_ = 50 pF, RL = 200k, t; = ts = 20 ns, unless otherwise specified 


Symbol 


Propagation Delay Time 
High-to-Low Level 


Propagation Delay Time 
Low-to-High Level! 


Transition Time 
High-to-Low Level 


Transition Time 
Low-to-High Level 


*AC Parameters are guaranteed by DC correlated testing. 


AC Electrical Characteristics* cps050Bm/cp4o50Bc 
Ta = 25°C, CL = 50 pF, RL = 200k, t, = t; = 20 ns, unless otherwise specified 


Symbol 


Propagation Delay Time 
High-to-Low Level 


Propagation Delay Time 
Low-to-High Level 


Transition Time 
High-to-Low Level 


Transition Time 
Low-to-High Level 


Sea eT 


*AC Parameters are guaranteed by DC correlated testing. 
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Schematic Diagrams 


CD4049UBM/CD4049UBC CD4050BM/CD4050BC 
1 of 6 Identical Units 1 of 6 Identical Units 


Yop 
INPUT ‘+— OUTPUT INPUT : ft OUTPUT 


Voo 


BV = 30V BV ~ 30V 


TL/F/5971~-4 
TL/F/5971-3 


Switching Time Waveforms 


080S07090/N80S0709/98N6P0Pdd/WNEN6rOrGd 


Vop 
Vout 
C04049UB 


TL/F/5971~-5 


Typical Applications 


CMOS to TTL or CMOS at a Lower Vpp 


€040508M/CD40508C 
Note: Vop1 2 Vop2 TL/F/5971-6 


Note: In the case of the CD4049UBM/CD4049UBC 
the output drive capability increases with increasing 
input voltage. E.g., If Vpp1 = 10V the CD4049UBM/ 
CD4049UBC could drive 4 TTL loads. 


\ froutuacnsoa ) 
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CD4051BM/CD4051BC Single 8-Channel Analog 
Multiplexer/Demultiplexer 

CD4052BM/CD4052BC Dual 4-Channel Analog 
Multiplexer/Demultiplexer 

CD4053BM/CD4053BC Triple 2-Channel Analog 
Multiplexer/Demultiplexer 





CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC 


General Description 


These analog multiplexers/demultiplexers are digitally con- 
trolled analog switches having low “ON” impedance and 
very low “OFF” leakage currents. Control of analog signals 
up to 15Vp.p can be achieved by digital signal amplitudes of 
3-15V. For example, if Vpp = 5V, Vsg= OV and Veg= —5V, 
analog signals from —5V to +5V can be controlled by digi- 
tal inputs of 0O-5V. The multiplexer circuits dissipate ex- 
tremely low quiescent power over the full Vpp—Vss and 
Vpp-—Vee supply voltage ranges, independent of the logic 
state of the control signals. When a logical ‘1” is present at 
the inhibit input terminal all channels are “OFF”. 
CD4051BM/CD4051BC is a single 8-channel multiplexer 
having three binary control inputs. A, B, and C, and an inhibit 
input. The three binary signals select 1 of 8 channels to be 
turned ‘‘ON” and connect the input to the output. 
CD4052BM/CD4052BC is a differential 4-channel multiplex- 
er having two binary control inputs, A and B, and an inhibit 
input. The two binary input signals select 1 or 4 pairs of 
channels to be turned on and connect the differential ana- 
log inputs to the differential outputs. 
CD4053BM/CD4053BC is a triple 2-channel multiplexer 
having three separate digital control inputs, A, B, and C, and 


Connection Diagrams 


an inhibit input. Each control input selects one of a pair of 
channels which are connected in a single-pole double-throw 
configuration. 


Features 

m Wide range of digital and analog signal levels: digital 
3-15V, analog to 15Vp.p 

m Low “ON” resistance: 802 (typ.) over entire 15Vp.p sig- 
nal-input range for Vpp— Vee = 15V 

mg High “OFF” resistance: channel leakage of £10 pA 

_ typ.) at Vop—VeE= 10V 

m Logic level conversion for digital addressing signals of 
3-15V (Vpp—Vss=3-15V) to switch analog signals to 
15 Vp-p (Vop~ VeE= 15V) 

m Matched switch characteristics: ARojn=5 (typ.) for 
Vpp— VeE= 15V 

mu Very low quiescent power dissipation under all digital- 
control input and supply conditions: 1 pW (typ.) at 
Vop~Vss= Vop~ VEE = 10V 

m Binary address decoding on chip 


Dual-In-Line Packages 


CD4051BM/CD4051BC 
IN/OUT 


4 6 QUT/IN 7 5 
— —— 
IN/OUT IN/OUT 


TOP VIEW 


INH Vee Vss 


CD4052BM/CD4052BC 


Qy 2 y dy ty 
inouT CUTAN “Inout 
TOP VIEW 


CD4053BM/CD4053BC 


OUT/IN IN/OUT 
a 


INH) Vee Vss by 


bx INH Vee Ves 
ey 
IN/OUT 


rs 
OUT/IN IN/OUT 


TOP VIEW TL/F/5662-1 


Order Number CD4051B*, CD4052B*, or CD4053B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings Recommended Operating 


If Milltary/Aerospace specifled devices are required, Conditions 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. DC Supply Voltage (Vpp) +S NGt0.t 15 Ve 
Input Voltage (Vij) OV to Vop Voc 


DC Supply Voltage (Vpp) —0.5 Voc to +18 Voc : 
Input Voltage (Vin) —0.5 Voc to Vop + 0.5 Voc Operating Temperature Range {Ta) 
Storage Temperature Range (Ts) 65°C to + 150°C 4051BM/4052BM/4053BM —55°C to + 125°C 
Power Dissipation (Pp) 4051BC/4052BC/4053BC — 40°C to + 85°C 
Dual-In-Line 700 mW 
Small Outline 500 mW 
Lead Temp. (T,) (soldering, 10 sec.) 260°C 


DC Electrical Characteristics (note 2) 


| Parameter | | Conattions + 125°C 
ia [| 


Bal Device Current i.e 5V 150 
Vpp= 10V ro 300 
Vpp= 15V 20 600 


Signal Inputs (Vis) and Outputs (Vos) 


“ON” Resistance (Peak | Rp=10k0 Vop = 2.5V, 
for Vee < Vis <Vpp) (any channel | Veg = —2.5V 
selected) or Vpop= 5V, 
Veg=0V 


Vop=5V 
Vee= —5V 
or Vpop= 10V, 
Veg =0V 


Vop=7.5V, 
VeE= —7.5V 
or Vpp= 15V, 
VeE=0V 

A“ON” Resistance R_=10 ka 

Between Any Two (any channel 

Channels selected) 


Vpp = 5V, 
Vee= —5V 
or Vpp = 10V, 


VeE= —7.5V 
or Vpp = 15V, 


“OFF” Channel Leakage | Vpp=7.5V, VeE= 
Current, any channel O/I= +7.5V, 1/0 =0V 
“OFF” . 


“OFF” Channel Leakage | Inhibit=7.5V  CD4051 £0.08 {| +200 
Current, all channels Vpp=7.5V, 
“OFF” (Common VeeE=—7.5V, CD4052 +£0.04 | +200 


OUT/IN) O/I=0V, 
/O=+7.5V CD4053 +0.02 | +200 


Control Inputs A, B, C and Inhibit 


Low Level Input Voltage | VegE=Vss RL=1k0. to Vss 
lig <2 pA on all OFF channels 
Vis=Vpp thru 1 kon 
Vpp=5V 
Vpp = 10V 
Vop= 15V 


High Level Input Voltage | Vpp=5 
Vpp= 10 
Vpp= 15 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: All voltages measured with respect to Vsg unless otherwise specified. 
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CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC 


DC Electrical Characteristics (note 2) (Continued) 


Input Current 


Quiescent Device Current 


Signal Inputs (Vis) and Outputs (Vos) 


“ON” Resistance (Peak Vop= 2.5V, 
for Vee<Vis<Vpp) (any channel | Vee= —2.5V 
; selected) or Vop= SV, 
Vee=0V 


Vop=5V, 
Vee= —5V 

or Vop= 107, . 
VeeE=O0V 


A“ON” Resistance RL=10 ka 
Between Any Two (any channel 
Channels selected) 


or Vpp = 10V, 
VeE=0V 


Vee= —7.5V 


or Vop = 15V, 
VeE=0V 


“OFF” Channel Leakage Vop=7.5V, Vee=—7.5V 
Current, any channel “OFF” | O/I= +7.5V, 1/O=0V +50 +0.01 | +50 +500 


“OFF” Channel Leakage Inhibit=7.5V  CD4051 +200 
Current, all channels Vop=7.5V, 





“OFF” (Common Vee=—7.5V, CD4052 +200 
OUT/IN) O/I=0V 
VO=+7.5V  CD4053 


Control! inputs A, B, C and Inhibit 


Low Level input Voltage VeeE=Vss RL=1 kf. to Vss 
lig <2 2A on all OFF Channels 
Vis=Vpp thru 1 kQ 
Vpp=5V 


High Level Input Voltage 


Input Current 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: All voltages measured with respect to Vsg unless otherwise specified. 
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AC Electrical Characteristics* Ta = 25°C, t= tp= 20 ns, unless otherwise specified. 


Conditions 


Propagation Delay Time from 
Inhibit to Signal Output 
(channel turning on) 


Propagation Delay Time from 
Inhibit to Signal Output 
(channel turning off) 


Input Capacitance 
Control input 
Signa! Input (IN/OUT) 


CD4051 
CD4052 
CD4053 


[Feedthrough Capacitance | | Tf oe | 
aes er Ee eee 


Power Dissipation Capacitance 


CD4051 
CD4052 
CD4053 


Signal Inputs (Vis) and Outputs (Vos) 


Sine Wave Response 
(Distortion) 


Frequency Response, Channel 
“ON” (Sine Wave Input) 


Feedthrough, Channel “OFF” 


Crosstalk Between Any Two 
Channels (frequency at 40 dB) 


Propagation Delay Signal 
Input to Signal Output 


Control Inputs, A, B, C and Inhibit 
Control Input to Signal 


Crosstalk 


Propagation Delay Time from 


Address to Signal Output 
(channels “ON” or “OFF”’) 
*AC Parameters are guaranteed by DC correlated testing. 
Note 3: A, B are two arbitrary channels with A turned "ON" and B “OFF”. 


VeeE=Vss=0V 
RL=1kn 


VeE=Vss=0V 
RL=1k0 


Ver=Vss=0V 


RL=10 ko 

fig= 1 kHz 

Vee=Vsi=0V 

RL=1kQ, Vee=OV, Vig=5Vp.p, 

20 log10 Vos/Vis= —3 dB 

RL=1kQ, Vee=Vss= OV, Vis=5Vp-p, 
20 logio Vos/Vis= —40 dB 

RL=1kO, Vee=Vss= OV, Vis(A) = 5Vp-p 
20 log10 Vos(B)/Vis(A) = — 40 dB (Note 3) 
VeE=Vss=0V 

C.=50 pF 


Vee =Vss= OV, RL= 10 kf. at both ends 
of channel. 

Input Square Wave Amplitude= 10V 
VeE=Vss=0V 

C_=50 pF 
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CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC 


Block Diagrams 


LOGIC 
LEVEL 
CONVERSION 


LOGIC 
LEVEL 
CONVERSION 


CD4051BM/CD4051BC 


CHANNEL IN/OUT 


COMMON 
BINARY OUT/IN 
TO 
10F8 
DECODER 
WITH 
INHIBIT 


, ©D4052BM/CD4052BC 
X CHANNELS IN/OUT 


COMMON X 
OUT/IN 


COMMON Y 


OUT/I 
BINARY ay 


INHIBIT 


Y CHANNELS IN/OUT 
TL/F/5662-2 
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Block Diagrams (Continued) 
CD4053BM/CD4053BC 


IN/OUT 


OUT/IN 
BINARY TO 
10F2— 


DECODER 
WITH INHIBIT 


OUT/IN 


LoGic 
LEVEL 
CONVERSION 


OUT/IN 
cx OR cy 


TL/F/5662-3 


Truth Table 


monary |e {6 A epsnsse | costs | eosorse 


cx, bx, ax 
cx, bx, ay 
cx, by, ax 
cx, by, ay 
cy, bx, ax 
cy, bx, ay 
cy, by, ax 
cy, by, ay 
NONE 


(o) 
[o) 
oO 


-oooo0o0co;$o 
eoe-ea4 4000 


eo - OO +--+ 0 
*t=- O00 


*Don't Care condition. 
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CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC 


Switching Time Waveforms 


l 
SIGNAL INPUT TO SIGNAL OUTPUT 


Vop 
INHIBIT 


IN/OUT or 
OUT/IN POY CHANHEE QUT/IN or IN/OUT 


INHIBIT 


Vop 


INHIBIT 
1K2 


ANY CHANNEL 0 
IN/OUT or OUT/IN or 
OUT/IN IN/OUT 
50pF 


INHIBIT 
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ADDRESS TO SIGNAL OUTPUT 


TL/F/5662-4 





Special Considerations 


In certain applications the external load-resistor current may not exceed 0.6V at Ta< 25°C, or 0.4V at Ta> 25°C (calcu- 
include both Vpp and signal-line components. To avoid lated from Ron values shown). No Vpp current will flow 
drawing Vpp current when switch current flows into IN/OUT through R_ if the switch current flows into OUT/IN pin. 

pin, the voltage drop across the bidirectional switch must 


Typical Performance Characteristics 


“ON” Resistance as a 
“ON” Resistance vs Signal Function of Temperature for 
Voltage for Ta = 25°C Vop — Ver = 15V 
400 400 


CHANNEL “ON” RESISTANCE (Ron) (2) 
CHANNEL “ON” RESISTANCE (Row) (82) 


0 
-8 -6 -4 -2 09 2 4 6 8 
SIGNAL VOLTAGE (Vs) (V) ; SIGNAL VOLTAGE (V5) (V) 


“ON” Resistance as a “ON” Resistance as a 
Function of Temperature for Function of Temperature for 
Vpp— VeE= 10V Vpp—VeE=5V 

400 400 


Ace = +125° ¢ 

m See attr 
oo LLC {| 
EEL EEE 


0 
-~8 -6 -4 -2 0 2 4 & 8 -4 -2 0 2 4 6 8 
SIGNAL VOLTAGE (Vis) (V) SUPPLY VOLTAGE (Vis) (V) 


a 
a 
3 
is) 
« 
~~ 
Mad 
LJ 
z 
< 
fed 
2 
a 
i) 
«c 
z 
= 
a 
uw 
z 
2 
<x 
x 
*) 


CHANNEL “ON” RESISTANCE (Rog) ($2) 


TL/F/5662-5 
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CD4066BM/CD4066BC 





National - 
Semiconductor 


CD4066BM/CD4066BC Quad Bilateral Switch 


General Description 

The CD4066BM/CD4066BC is a quad bilateral switch in- 
tended for the transmission or multiplexing of analog or digi- 
tal signals. It is pin-for-pin compatible with CD4016BM/ 
CD4016BC, but has a much lower “ON” resistance, and 
“ON” resistance is relatively constant over the input-signal 
range. 


Features 

m@ Wide supply voltage range 

g@ High noise immunity 

m@ Wide range of digital and 
analog switching 
“ON” resistance for 15V operation 
Matched “ON” resistance 
over 15V signal input 
“ON” resistance flat over peak-to-peak signal range 
High “ON”/“OFF” 65 dB (typ.) 
output voltage ratio @ fis = 10 kHz, RL=10 kN 
High degree linearity 0.1% distortion (typ.) 
High degree linearity @ fis= 1 KHZ, Vis=5Vp.p, 
High degree linearity Vop—Vss= 10V, RL=10 kn 


3V to 15V 


0.45 Vpp (typ.) 
£7.5 VpEAK 


802 
ARon= 52 (typ.) 


Schematic and Connection Diagrams 


Order Number CD4066B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


mw Extremely low “OFF” 0.1 nA (typ.) 
switch leakage @ Vpp— Vss= 10V, Ta= 25°C 
@ Extremely high control input impedance 10122 (typ.) 
@ Low crosstalk —50 dB (typ.) 
between switches @ fig, = 0.9 MHz, RL=1 kO 
m@ Frequency response, switch “ON” 40 MHz (typ.) 


Applications 

m@ Analog signal switching/multiplexing 

@ Signal gating 

e Squelch control 

© Chopper 

© Modulator/Demodulator 

¢ Commutating switch 

Digital signal switching/multiplexing 

CMOS logic implementation 
Analog-to-digital/digital-to-analog conversion 
Digital control of frequency, impedance, phase, and an- 
alog-signal-gain 


IN/OUT 


ut 
OUT/IN 


TL/F/5665-1 
Top View 
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Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specifled devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Supply Voltage (Vpp) —0.5V to +18V 
Input Voltage (Vin) —0.5V to Vpp + 0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T_) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


300°C 


Recommended Operating 


Conditions (note 2) 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4066BM 
CD4066BC 


3V to 15V 
OV to Vop 


— 58°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics cp4ocesm (Note 2) 


Quiescent Device Current 


SIGNAL INPUTS AND OUTPUTS 


Vpp—Vss 


“ON” Resistance R_=10 kf to 


Vc=Vpp: Vis=Vss to Vop 


Vpp=5V 
Vop=10V 
Vpp = 15V 


; Vpop-—V 
A“ON” Resistance polo] a 


Between any 2 of 
4 Switches 


RL=10k2 to 


Vop= 10V 

Vpp = 15V 

Vc=0 

Vis= 15V and OV, 
Vos= OV and 15V 


Input or Output Leakage 
Switch “OFF” 


CONTROL INPUTS 


Low Level Input Voltage | Vigs=Vss and Vpp 
Vos=Vopp and Vss 
lig= +10 pA 
Vpp=5V 

Vop = 10V 

Vpp= 15V 

Vpp=5V 

Vpp = 10V (see note 6) 
Vpp = 15V 


High Level Input Voltage 


Input Current 
Vpp2 Vis2 Vss 
Vpp2Vc2Vss 


Vc=Vop: Vis= Vss to Vop 


| = | 
i us [pe [ 


i A 0.01 0.25 
0.01 0.5 
0.01 1.0 
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CD4066BM/CD4066BC 


DC Electrical Characteristics (Continued) cD4066BC (Note 2) ~ 


Symbol janet | conauons — f=tb2_|___tare,—_}_sae_ Units 
inc soi es] ae 


SIGNAL INPUTS AND OUTPUTS 


V, _ 
“ON” Resistance R= 10k to Voo~Vss 


Vc=Vpp: Vss to Vpp 
Vpp = 5V 

Vpop= 10V 

Vpp = 15V 


Vop—Vss 


A“ON” Resistance R= 10k? to 


Between Any 2 of Voc=Vpp: Vis= Vss to Vop 
4 Switches Vpp = 10V 
Vpop= 15V 


CONTROL INPUTS 


Low Level Input Voltage | Vis=Vss and Vop 
Vos=Vpp and Vssg 
lig= £10pA 
Vpp =5V 
Vpp= 10V 
Vpp = 15V 


High Level Input Voltage | Vpp=5V 
Vpp = 10V (See note 6) 
Vpp= 15V 


Input Current Vpp—Vss= 15V 
Vpp2 Vis2 Vss 
Vpp2 Vc2Vss 


Conditions 


teHL, tpLH Propagation Delay Time Signal Vco=Vop, C= 50 pF, (Figure 7) 
Input to Signal Output Ri, = 200k 
Vpp= 5V 
Vop = 10V 
Vpp= 15V 


tpzH, tpze Propagation Delay Time Ry = 1.0 kO, C, = 50 pF, (Figures 2 and 3) 
Control Input to Signal Vpp =5V 
Output High Impedance to Vpp= 10V 
Logical Level Vpp= 15V 


tpyz, tpLz Propagation Delay Time RL= 1.0 kO, CL =50 pF, iauies 2nd 3) 

Control Input to Signal Vpp=5V 

Output Logical Level to. Vpp= 10V 

High Impedance Vop= 15V 

Sine Wave Distortion Vo=Vpp= 5V, Vsg= —5V 
R_= 10 kQ, Vig =5Vp.p, f= 1 kHz, 
(Figure 4) 

Frequency Response-Switch Vc=Vpp=5V, Vss= —5V, 

“ON” (Frequency at —3 dB) RL=1k0, Vig=5Vp.p, 
20 Log19 Vos/Vos (1 kHz) —dB, 
(Figure 4) 
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AC Electrical Characteristics* (Continued) Ta= 25°C, t-=ty=20 ns and Vgg = OV unless otherwise noted 


| Parameter | Coonaiitions, | Min. | Typ | Max | 


Feedthrough — Switch “OFF” Vpop=5.0V, Vcc=Vss= —5.0V, 
(Frequency at —50 dB) RL=1kQ, Vig=5.0Vp.p, 20 Logio, 
Vos/Vis= —50 dB, (Figure 4) 
Crosstalk Between Any Two Vop = Vera) = 5.0V; Vgs = Voip) = 5.0V, 
Switches (Frequency at —50 dB) Ri1 kO, Vig(ay = 5.0 Vp-p, 20 Logio, 
Vosia)/Vis(a) = — 50 aB (Figure 5) 
Crosstalk; Contro! Input to Vop = 10V, RL = 10 kQ, Rin=1.0 kf, 
Signal Output Voc= 10V Square Wave, C, = 50 pF 
(Figure 6) 
Maximum Control Input Ry = 1.0 kN, CL =50 pF, (Figure 7) 
Vos() = % Vos(1.0 kHz) 
Vpp =5.0V 
Vpp = 10V J 
Vop = 15V 8.5 


a 

Signal Qutput Capacitance | Vop=tv——SOS~—~—~—SCS~—S Cin | 
T Feectnoush Capacitance | Vex ——S—~—S—S SSC‘ od 
F contotinputapaciancs | ——=SC=~—~—SsS—SsSSC*d 


“AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss=OV unless otherwise specified. 
Note 3: These devices should not be connected to circuits with the power “ON”. 





Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance in the output; however, this capacitance is included in CL wherever it is specified. 
Note 5: Vis is the voltage at the in/out pin and Vag is the voltage at the out/in pin. Vc is the voltage at the control input. 
Note 6: Conditions for Vic: a) Vis=Vpp, log= standard B series lo ~~—b) Vig = OV, lo, = Standard B series Io. 


AC Test Circuits and Switching Time Waveforms 


ve*Voo 


10F4@ 
IN/OUT SwiTCHES OUT/IN 


FIGURE 1. tpy, tp_H Propagation Delay Time Signal Input to Signal Output 
tpZH tPHZ 


CONTROL §=Vnp 


Yoo Yoo 
oo s 50% 
10F 4 tv 
IN/OUT OuT/N 
SWITCHES - »] P2H le —o| tHZ |< - 
a Vou 0% 
ov 


1% 


FIGURE 2. tpzy, tpyz Propagation Delay Time Control to Signal Output 
tpZze tPLz 


ez. wiz 
; Yoo Yoo 
CONTROL Voo so 50% 
10F@ w wv 
i] 
INOUT Scars OUTIN cllewel devise 
Ys Yoo 90% vou ; 
10% 
Vou Vou 


TL/F/5665-2 





FIGURE 3. tpz_, tp, z Propagtion Delay Time Control to Signal Output 
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CD4066BM/CD4066BC 


AC Test Circuits and Switching Time Waveforms (Continued) 


sv 
Vc 
CONTROL Von 


10F4 
IN/OUT SWITCHES OUT/IN 


—in 
Vc=Vop for distortion and frequency response tests 
Vc=Vss for feedthrough test 


FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough 


Vet) = Yoo 


CONTROL = Von 


10F4 
IN/OUT SWITCHES OUT/IN 


CONTROL Vop 


. 1OF4 
Visca) = OV IN/OUT SWITCHES OUT/IN 


Vss 


FIGURE 5. Crosstalk Between Any Two Switches 
ty * 20 ns 


10F8 
Iw/OUT SWITCHES OUTAN 


———_*- 
Vos CROSSTALK 
: Se re ee | 


FIGURE 6. Crosstalk: Control Input to Signal Output 


CONTROL § Vop 


10F4 


IN/OUT ewitcnes OUT/IN 


4 


Ves a a ya +) 


TL/F/5665-3 


FIGURE 7. Maximum Control Input Frequency 
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Typical Performance Characteristics 


“ON” Resistance as a Function 
“ON” Resistance vs Signal of Temperature for 
Voltage for Ta = 25°C Vpp—Vss= 15V 
00 


O 
TT 
HEHE 

Vpn - Vs 2 SV 7 

Hoa SANTEE 
UT 

LAT 
PPLeCT eS 
TUTTE LT | oes vss" 8%) 


0 
“$6 -6 -4 -2 0 2 4 6 8 
SIGNAL VOLTAGE (Vis) (V) SIGNAL VOLTAGE (Vj) (V) 


CHANNEL “ON” RESISTANCE (Roy) (22) 
CHANNEL “ON” RESISTANCE (Roy) (22) 


“ON” Resistance as a Function “ON” Resistance as a Function 
of Temperature for of Temperature for 
Vpp—Vss= 10V Vpp—Vss=5V 

400 400 


PTT TT A [tases 
oT TTT 
200 Et j cap Ta 225° : 
a LLL YT) 
LT | 
TTT 


SZCTSONNED 


ng TEETH 
oer TN | | | 
; Peet Eh 
-8-6 4-2 0 2 4 6 8 
SIGNAL VOLTAGE (Vj5) (V) SUPPLY VOLTAGE (Vjs) (V) 


CHANNEL “ON™ RESISTANCE (Row) (82) 





CHANNEL “ON” RESISTANCE (Roy) (2) 


TL/F/5665-4 


Special Considerations 

In applications where separate power sources are used to drawing Vpp current when switch current flows into termi- 
drive Vpp and the signal input, the Vpp current capability nals 1, 4, 8 or 11, the voltage drop across the bidirectional 
should exceed Vpp/R_ (R= effective external load of the 4 switch must not exceed 0.6V at Ta<25°C, or 0.4V at 
CD4066BM/CD4066BC bilateral switches). This provision Ta> 25°C (calculated from Ron values shown). 

avoids any permanent current flow or clamp action of the No Vpp current will flow through Ri if the switch current 
Vpp supply when power is applied or removed from flows into terminals 2, 3, 9 or 10. 

CD4066BM/CD4066BC. 

In certain applications, the external load-resistor current 

may include both Vpp and signal-line components. To avoid 
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CD4069UBM/CD4069UBC 





National 
Semiconductor 


CD4069UBM/CD4069UBC Inverter Circuits 


General Description 


The CD4069UB consists of six inverter circuits and is manu- 
factured using complementary MOS (CMOS) to achieve 
wide power supply operating range, low power consump- 
tion, high noise immunity, and symmetric controlled rise and 
fall times. 

This device is intended for all general purpose inverter appli- 
cations where the special characteristics of the MM74C901, 
MM74C903, MM74C907, and CD4049A Hex Inverter/Buff- 
ers are not required. In those applications requiring larger 
noise immunity the MM74C14 or MM74C914 Hex Schmitt 
Trigger is suggested. 


Schematic and Connection Diagram 


Vop 


Vss 
TL/F/5975-1 


All inputs are protected from damage due to static dis- 
charge by diode clamps to Vpp and Vss. 


Features 

m Wide supply voltage range 

@ High noise immunity 

@ Low power TTL 
compatibility 

m Equivalent to MM54C04/MM74C04 


3.0V to 15V 

0.45 Vpp typ. 

Fan out of 2 driving 74L 
or 1 driving 74LS 


Dual-In-Line Package 


Ys5 
TL/F/5975=2 
Order Number CD4069UB* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


AC Test Circuits and Switching Time Waveforms 


Vout 


C, = 50 pF 


i. 


TL/F/5975~3 


tp =t=20ns 
TL/F/5975-4 
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Absolute Maximum Ratings (notes 1 & 2) 
if Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
DC Supply Voltage (Vpp) —0.5V to +18 Voc 
Input Voltage (Vin) —0.5V to Vop +0.5 Voc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4069UBM 
CD4069UBC 


3V to 15Vpoc 
OV to Vop Voc 


—55°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics cp4ocsusM (Note 2) 


Quiescent Device Current | Vpp = 5V, 
Vin = Vpp or Vss 
Vpp = 10V, 
Vin = Vpp or Vssg 
Vop = 15V, 
Vin = Vpp or Vss 


Low Level Output Voltage | {lo| < 1 pA 
Vpop = 5V 
Vop = 10V 
Vpp = 15V 


High Level Output Voltage | |Io| < 1 pA 
Vpp = 5V 
Vpp = 10V 
Vpp = 15V 


llo| <1pA 

Vop = 5V, Vo = 4.5V 
Vop = 10V, Vo = 9V 
Vop = 15V, Vo = 13.5V 


llol < 1 pA 

Vpp = 5V, Vo = 0.5V 
Vpp = 10V, Vo = 1V 
Vop = 15V, Vo = 1.5V 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 
(Note 3) Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
High Level Output Current | Vpp = 5V, Vo = 4.6V 
Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
, Vop = 15V, Vin = 15V 


Low Level Input Voltage 


High Level Input Voltage 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 


should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 


operation. 
Note 2: Vsg = OV unless otherwise specified. 
Note 3: loy and Io, are tested one output at a time. 
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CD4069UBM/CD4069UBC 


DC Electrical Characteristics cosos9usc (Note 2) 


Quiescent Device Current } Vpp = 5V, 
Vin = Vpp or Vss 
Vop = 10V, 
Vin = Vpp or Vsg 
Vop = 15V, 
Vin = Vpp or Vsg 


Low Level Output Voltage | |lo| < 1 »A 
Vop = 5V 
Vpp = 10V 
Vpp = 15V 


High Level Output Voltage | |Io] < 1 pA 
Vpop = 5V 
Vpp = 10V 
Vop = 15V 
Low Level Input Voltage | |Io| < 1 pA 
Vop = 5V, Vo = 4.5V 
Vpp = 10V, Vo = 9V 
Vop = 15V, Vo = 13.5V 
High Level Input Voltage | |Io| < 1 pA 
Vpp = 5V, Vo = 0.5V 
Vpp = 10V, Vo = 1V 
Vop = 15V, Vo = 1.5V 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 
(Note 3) Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
High Level Output Current | Vpp = 5V, Vo = 4.6V 
(Note 3) Vpp = 10V, Vo = 9.5V 
Vpop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vpop = 15V, Vin = 15V 


AC Electrical Characteristics* 
Ta = 25°C, C, = 50 pF, Ry = 200k, t, and ts < 20 ns, unless otherwise specified 


aa ee eee ee 


tpHL OF tpLy Propagation Delay Time from 90 
Input to Output 60 
= 50 

80 


tre OF tTLH Transition Time 


40 80 
Average Input Capacitance || AnyGate_ == | | | 18 
Power Dissipation Capacitance Any Gate (Note 4) ae ee ae 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and ‘‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application 
note—AN-90. 
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Typical Performance Characteristics 


Power Dissipation vs 
Gate Transfer Characteristics Frequency 
Sennen 


=a TAs t125°C 


pace 


Tas2eC = 
POWER DISSIPATION FOR —t-4 
OTHER DEVICES IS GivEN |_| 
| ay CLS (c+ Sro)tVon? 


PERSON aaaaG 
BBNE!| See 
in neeeacG 


POWER DISSIPATION PER GATE (.W) 


INPUT FREQUENCY (Hz) 
TL/F/5975-6 


TL/F/5975-5 
Propagation Delay vs 
Ambient Temperature 


_ 
o 
oo 


PROPAGATION DELAY (ns} 
s 


Ny 
o 





tha — PROPAGATION DELAY TIME (ns) 


80-25 0 25 50 75 100 125 
AMBIENT TEMPERATURE (°C) 
TL/F/5975-8 
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Propagation Delay vs 
Ambient Temperature 


PROPAGATION DELAY (ns) 


50 -25 0 25 60 76 100 125 
AMBIENT TEMPERATURE (°C) 


TL/F/5975-7 
Propagation Delay Time 
vs Load Capacitance 


TTT TTT Tne 
- HA— Tanase 


SEE AC TEST 


Cy, — LOAD CAPACITANCE (pF) 


TL/F/5975-9 
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CD4070BM/CD4070BC 


National | 
Semiconductor 


CD4070BM/CD4070BC Quad 2-Input 


EXCLUSIVE-OR Gate 


General Description 


Employing complementary MOS (CMOS) transistors to 
achieve wide power supply operating range, low power con- 
sumption, and high noise margin, this gate provides basic 
functions used in the implementation of digital integrated 
circuit systems. The N- and P-channel enhancement mode 
transistors provide a symmetrical circuit with output swing 
essentially equal to the supply voltage. No DC power other 
than that caused by leakage current is consumed during 
static condition. Ail inputs are protected from damage due 
to static discharge by diode clamps to Vpp and Vgs. 


Connection Diagram 


_ Dual-In-Line Package 
G M*G@H L=E@F 


TL/F/5976~1 
Top View 


Typical Performance 
Characteristics 


Propagation Delay Time 
vs Load Capacitance 


ett itt er 
COCO 
Pert 


= = 
o ou 
e i—7 


tog — PROPAGATION OELAY TIME (ns) 
3 


LOAD CAPACITANCE (pF) 
TL/F/5976-2 


Features 

a Wide supply voltage range 

g High.noise immunity 

mw Low power TTL 
compatibility 

Pin compatible to CD4030A 

m@ Equivalent to MM54C86/MM74C86 and MC14507B 


3.0V to 15V 

0.45 Vpp typ. 

Fan out of 2 driving 74L 
or 1 driving 74LS 


Order Number CD4070B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


| inputs | Outputs | 
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Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Recommended Operating 
Conditions (note 2) 


Distributors for availability and specifications. 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Smail Outline 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


~0.5 to +18 Voc 
—0.5 to Vpp + 0.5 Voc 


—65°C to + 150°C 


700 mW 
500 mw 


260°C 


DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 


CD4070BC 
CD4070BM 


DC Electrical Characteristics cp40708M (Note 2) 


Quiescent Device 
Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


Input Current 


Vop = 5V, 

Vin = Vop or Vss 
Vop = 10V, 

Vin = Vpp or Vss 
Vpp = 15V, 

Vin = Vop or Vss 
lol < 1 pA 

Vop = 5V 

Vpp = 10V 

Vop = 15V 


lol < 1 pA 
Vop = 5V 

Vop = 10V 
Vpp = 15V 


lol < 1 pA 

Vop = 5V, Vo = 4.5V 
Vop = 10V, Vo = 9V 
Vpp = 15V, Vo = 13.5V 


Ilo] < 1 pA 

Vop = 5V, Vo = 0.5V 
Vop = 10V, Vo = 1.0V 
Vpop = 15V, Vo = 1.5V 


Vop = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vpop = 15V, Vo = 1.5V 
Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 
Vop = 15V, Vin = OV 
Vpp = 15V, Vin = 15V 


i 
4.95 


9.95 
14.95 


3V to 15 Voc 
0 to Vop Voc 


—40°C to + 85°C 
—55°C to + 125°C 


+ 126°C 


Fw | we [tp [wer | oe | wor 


0.25 


0.05 
0.05 


0.25 


0.5 


1.0 


7.5 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and ‘Electrical Characteristics” provides conditions for actual device 


Operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: lo, and Io are tested one output at a time. 
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CD4070BM/CD4070BC 


DC Electrical Characteristics cp4070Bc (Note 2) 


Quiescent Device 
Current 


Conditions 


Vpp = 5V, 

Vin = Vpp or Vss 
Vpop = 10V, 

Vin = Vop or Vss 
Vop = 15V, 

Vin = Vpp or Vsg 


llol < 1 wA 
Vpp = 5V 

Vop = 10V 
Vpp = 15V 


High Level llol < 1 pA 

Output Voltage Vop = 5V 
Vpop = 10V 
Vpp = 15V 


llol < 1 wA 

Vpp = 5V, Vo = 4.5V 
Vpp = 10V, Vo = 9V 
Vpp = 15V, Vo = 13.5V 


llol < 1 pA 

Vpp = 5V, Vo = 0.5V 
Vpp = 10V, Vo = 1V 
Vop = 15V, Vo = 1.5V 
Vpp = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 
Vop = 5V, Vo = 4.6V 
Vpp = 10V, Vo = 9.5V 
Vop = 18V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 


Low Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current 


High Level Output 
Current 


| are 
Pie [ae Tye [oe || 


“| |: 


0.05 
0.05 
0.05 


4.95 5 4.95 
9,95 10 9.95 
14.95 15 14.95 


1.5 

3.0 

4.0 
3.5 3.5 
7.0 : 
11.0 . 


0.44 0.88 
2.25 





Ta = 25°C, C_ = 50 pF, RL = 200k, t, and t; < 20 ns, unless otherwise specified 


Propagation Delay Time 
from Input to Output 


Transition Time 


= 40 80 
Average Input Capacitance Any Input eee ee ee 
Power Dissipation Capacitance Any Input (Note 4) i ee eee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and ‘Electrical Characteristics” provides conditions for actual device 


operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: lo, and Ioy are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application 


Note—AN-90. 


5-186 





AC Test Circuit and Switching Time Waveforms 


ViN Vout 


Cy = 50 pF 
Lt 


TL/F/5976-3 
Note: Delays measured with input t;, ts = 20 ns. 


080Z0%09/N80207d9D 





TL/F/5976-4 


ty = te = 20ns 





5-187 


CD4071BM/CD4071BC/CD4081BM/CD4081BC 


National | 
Semiconductor 


CD4071BM/CD4071BC 


Quad 2-Input OR Buffered B Series Gate 


CD4081BM/CD4081BC 


Quad 2-Input AND Buffered B Series Gate 


General Description 


These quad gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan- 
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se- 
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. 

All inputs protected against static discharge with diodes to 
Vop and Vss. 


Connection Diagrams 


Features 

m Low power TTL 
compatibility 

g 5V-10V-15V parametric ratings 

@ Symmetrical output characteristics 

m Maximum input leakage 1 A at 15V over full tempera- 
ture range 


Fan out of 2 driving 74L 
or 1 driving 74LS 


CD4071B Dual-In-Line Package 


TL/F/5977-~3 


Top View 


CD4081B Dual-In-Line Package 


TL/F/5977-6 


Top View 


Order Number CD4071B* or CD4081B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 


if Military/Aerospace specified devices are required, Lead Temperature (T_) 
contact the National Semiconductor Sales Office/ (Soldering, 10 seconds) 260°C 
Distributors for availability and specifications. 
Voltage at Any Pin —0.5V to Vpp +0.5V Operating Conditions 
Power Dissipation (Pp) Operating Range (Vpp) 3Vpc to 15 Vpc 
Dual-In-Line 700 mW Operating Temperature Range (Ta) 
Small Outline 500 mW CD4071BM, CD4081BM —55°C to + 125°C 
Vpp Range —0.5 Vpc to + 18 Voc CD4071BC, CD4081BC —40°C to +85°C 
Storage Temperature (Ts) —65°C to + 150°C 


DC Electrical Characteristics cp40718M/cD4081BM (Note 2) 


Quiescent Device | Vpp = 5V 
Current 








Low Level 
Output Voltage 








lig] < 1 pA 







High Level 
Output Voltage 








lol < 1 pA 


















Low Level 
Input Voltage 


Vit Vpp = 5V, Vo = 0.5V 
Vop = 10V, Vo = 1.0V 


Vpp = 15V, Vo = 1.5V 


Vop = 5V, Vo = 4.5V 
Vpp = 10V, Vo = 9.0V 
Vpop = 15V, Vo = 13.5V 


Vop = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 


Vop = 5V, Vo = 4.6V 
Current Vpop = 10V, Vo = 9.5V 
(Note 3) Vpp = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
Operation. : 


Note 2: All voltages measured with respect to Vss unless otherwise specified. 
Note 3: Ioy, and Io, are tested one output at a time. 











High Level 
Input Voltage 




























Low Level Output 
Current 
(Note 3) 


High Level Output 
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CD4071BM/CD4071BC/CD4081BM/CD4081BC 


<<<ij<<</<<<j/<<< 





Quiescent Device | Vpp = 5V_ . 1 0.004 7.5 
Current 2 0.005 16 
4 0.006 30 
Low Level Vop = 5V, Vo = 0.5V 2 
Input Voltage Vpp = 10V, Vo = 1.0V 4 
~ | Vpp = 15V, Vo = 1.5V 6 
3.5 
Vop = 15V, Vo = 13.5V 
(Note 3) Vpp = 15V, Vo = 1.5V 8.8 
(Note 3) Vop = 15V, Vo = 13.5V 


DC Electrical Characteristics cp40718¢/cp4081BC (Note 2) 

Low Level , 0.05 0.05 0.05 

Output Voltage Ilo] < 1 pA 0.05 0.05 0.05 
0.05 0.05 

High Level Vop = 5V, Vo = 4.5V 

Low Level Output | Vpp = 5V, Vo = 0.4V 0.44 | 0.88 

High Level Output | Vpp = 5V, Vo = 4.6V 

Input Current Vpp = 15V, Vin = OV 


ree | are +25°C 
| Min | Max | min | typ | Max | Min | Max 
High Level 4.95 4.95 
Output Voltage 9.95 9.95 
14.95 14,95 
Input Voltage Vpp = 10V, Vo = 9.0V 7.0 
Current Vpp = 10V, Vo = 0.5V 1.1 2.25 
Current - | Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* cp40718c/cp40718M | 
Ta = 25°C, Input t,; tp = 20 ns, CL = 50 pF, RL = 200 kN, Typical temperature coefficient is 0.3%/°C 


Propagation Delay Time, 
High-to-Low Level 


Propagation Delay Time, 
Low-to-High Level 


ttHL tTLH Transition Time 


Average Input Capacitance Any Input 
Power Dissipation Capacity Any Gate 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: All voltages measured with respect to Vsg unless otherwise specified. 
Note 3: [oy and {o, are tested one output at a time. 
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AC Electrical Characteristics* cp40818¢/cb40818M 
Ta = 25°C, Input ty; tp = 20 ns, CL = 50 pF, Ry, = 200 kQ, Typical temperature coefficient is 0.3%/°C 


| Parameter | Conditions| typ | Max 


Propagation Delay Time, 100 250 
High-to-Low Level 40 100 
30 70 


Propagation Delay Time, 
Low-to-High Level 


trHL tTLH Transition Time 


Average Input Capacitance Any Input an a oa 
Power Dissipation Capacity . Any Gate i oe eee 


*AC Parameters are guaranteed by DC correlated testing. 


Typical Performance Characteristics 


20 
CD4081B CD4081B CD40718 
m= 25° = 95° 
Tag = 25°C Vp = 15V Ta = 25°C 


Vpp = 10V 


9g}80%09/NE180P09/D8! Z0bdd/NEtZ0rdd 


Vo — OUTPUT VOLTAGE {V) 


=~ 
= 
uw 
oe 
< 
- 
= 
i~] 
> 
= 
= 
a. 
= 
i] 
o 
' 
So 
> 


Vo — OUTPUT VOLTAGE (V) 


Vy — INPUT VOLTAGE (V) V, - INPUT VOLTAGE (V) V, — INPUT VOLTAGE (V) 
ONE INPUT ONLY BOTH INPUTS ONE INPUT ONLY 
TL/F/5977-7 TL/F/5977-8 TL/F/5977-9 
FIGURE 1. Typical Transfer FIGURE 2. Typical Transfer FIGURE 3. Typical Transfer 
Characteristics Characteristics Characteristics 


Co40818 
Ta «25°C 
C_ = 50 pF 


CD40718 CD40718 


Ta = 28°C 


Vo — OUTPUT VOLTAGE (V) 
tpt. tpLy ~ TYPICAL PROPAGATION 
DELAY TIME (ns) 
tpt. tpLH — TYPICAL PROPAGATION 

DELAY TIME (ns) 


UJ 
tpHt & tpLy 
10 1 


§ 


Vpp — SUPPLY VOLTAGE (Vv) Vpp - SUPPLY VOLTAGE (V) 
V, — INPUT VOLTAGE (V) TL/F/5977-11 TL/F/5977-12 


BOTH INPUTS FIGURE 5 FIGURE 6 
TL/F/5977~10 


FIGURE 4. Typical Transfer 
Characteristics 
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CD4071BM/CD4071BC/CD4081BM/CD4081BC 


Typical Performance Characteristics (continueg) 


iw] 

o 

o 
nN 
o 
— 


cp4071B 
Ta 225°C 


C04071B C040818 


Ta = 25°C 


PROPAGATION DELAY TIME (ns) 


PROPAGATION DELAY TIME (ns) 


tpLy — TYPICAL LOW-TO-HIGH LEVEL 
PROPAGATION DELAY TIME (ns) 


tpy, — TYPICAL HIGH-TO-LOW LEVEL 
tp — TYPICAL LOW-TO-HIGH LEVEL 


Cy - LOAD CAPACITANCE (pF) Cy — LOAD CAPACITANCE (pF) Cy — LOAD CAPACITANCE (pF) 


TL/F/5977-13 TL/F/5977-14 TL/F/5977-15 
FIGURE 7 FIGURE 8 FIGURE 9 


tp = tp= 20 ns 
Ta = 28°C 


tpt — TYPICAL HIGH-TO-LOW 
PROPAGATION DELAY TIME (ns) 

Atpp — PER pF GF LOAD CAPACITANCE (ns/pF) 

tTHL- tTLH — TYPICAL TRANSITION TIME (ns) 


C, — LOAD CAPACITANCE (pF) Be te ae, ene 

> p 

. Vpp ~ POWER SUPPLY {V) C — LOAD CAPACITANCE (pF) 
TL/F/5977-16 


5 , TL/F/5977-17 TL/F/5977-18 
deeb FIGURE 11 , FIGURE 12 


saan Bey 
a 


es AL 
SaaBaSy im 
| {| 


ae 
fo voosv[ | 


ce secause7 ee 
A 
ALL BB Ul oo 
fi tea a a a 
4 ae Pent] CETL 
02 4 G& 8 10 12 14 16 18 20 20 18 16 1412:10 8 6&6 4 2 O 


Vout (V) Vee - Vout (V) 


TL/F/5977~19 TL/F/5977-20 
FIGURE 13 FIGURE 14 


tot — TYPICAL SINK CURRENT (mA) 





ion — TYPICAL SOURCE CURRENT (mA) 
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Schematic Diagrams 


CD4071B 


Y, of device shown 


J=A+B 
Logical ‘1” = High 
Logical ‘‘o" = Low 


*All inputs protected by standard 
CMOS protection circuit, 


J 


3(4, 10, 11) Vss 
N TL/F/5977-2 


08180709/W81807G90/98! Z0P00/NalZ0Pdd 


2(6, 9, 13) Vsg 


TL/F/5977~1 


-CD4081B 


Y, of device shown 


J=AeB 
Logical 1” = High 
Logical ‘‘O” = Low 


J. : *All inputs protected by standard 
CMOS protection circuit. 
1(5, 8, 12) 3 (4, 10, 11) 
N 


Vss 
TL/F/5977-5 


Vss 


2 (6, 9, 13) 
TL/F/5977-4 
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CD4072BM/CD4072BC/CD4082BM/CD4082BC 


National © 
Semiconductor 


CD4072BM/CD4072BC Dual 4-Input OR Gate 
CD4082BM/CD4082BC Dual 4-Input AND Gate 


General Description 


These dual gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan- 
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se- 
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. All inputs are protected against static discharge 
with diodes to Vpp and Vss. 


Connection Diagrams 


CD4072BM/CD4072BC 


TL/F/5978~1 
Top View 


Features 

mg Wide supply voltage range 

@ High noise immunity 

w Low power TTL 
compatibility 

m 5V-10V-15V parametric ratings 

m Symmetrical output characteristics ; 

@ Maximum input leakage 1 pA at 15V over full tempera- 
ture range So. 7g 


3.0V to 15V 


0.45 Vpp (typ.) 
fanout of 2 driving 74L 


or 1 driving 74LS 


CD4082BM/CD4082BC 


TL/F/5978-2 
Top View 


Order Number CD4072B* or CD4082B* 
*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vin) —0.5 to Vpp + 0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (Note 2) 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4072BM, CD4082BM 
CD4072BC, CD4082BC 


3.0V to 15V 
OV to Vpp V 


—55°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics cp40728m, cD4082BM (Note 2) 


Quiescent 
Device Current 


Low Level Vpp = 5.0V 
Output Voltage | Vop = 10V 
Vpp = 15V 


High Level 
Output Voltage | Vpp = 10V 


Low Level 
Input Voltage 


Vop = 5.0V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vpp = 5.0V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vpp = 5.0V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
Vop = 5.0V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vpop = 15V, Vo = 13.5V 
Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


High Level 
Input Voltage 


Low Level 
Output Current 
(Note 3) 


High Level 
Output Current 
(Note 3) 


Input Current 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limts. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 


Note 3: lo, and lox are tested one output at a time. 
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CD4072BM/CD4072BC/CD4082BM/CD4082BC 


DC Electrical Characteristics cp40728c, cb40828¢ (Note 2) 


Coianions a_i =u 
[max [_Min_[ Typ | Max | 


Quiescent Vpp = 5.0V 1.0 0.004 | 1.0 
Device Current | Vop = 10V ~ 2.0 0.005 2.0 
Vop = 15V 4.0 0.006 4.0 
Low Level Vpp = 5.0V 0.05 0.05 
Output Voltage | Vpp = 10V 0.05 0.05 
Vop = 15V 0.05 0.05 
High Level Vop = 5.0V 4.95 4.95 5.0 4.95 
Output Voltage | Vpp = 10V 9.95 9.95 bs 9.95 
Vpp = 15V 14.95 14.95 14.95 
Low Level Vpp = 5.0V, Vo = 0.5V or 4.5V 2.25 
Input Voltage | Vpp = 10V, Vo = 1.0V or 9.0V 4.50 
Vop = 15V, Vo = 1.5V or 13.5V 6.75 
High Level Vop = 5.0V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 
Input Voltage Vop =.10V, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 
Vpp = 15V, Vo = 1.5V or 13.5V | 11.0 11.0 8.25 11.0 
Low Level Vpp = 5.0V, Vo = 0.4V 0.52 0.44 | 0.88 0.36. 
Output Current | Vpp = 10V, Vo = 0.5V 1.3 1.1 2.2 0.90 
(Note 3) Vpp = 15V, Vo = 1.5V | 3.6 3.0 8.0 2.4 
High Level Vpp = 5.0V, Vo = 4.6V —0.52 —0.44 | —0.88 —0.36 
Output Current | Vpp = 10V, Vo = 9.5V —1.3 —11 —2.2 —0.90 
(Note 3) Vpp = 15V, Vo = 13.5V —3.6 —3.0 | —8.0 —2.4 
Input Current | Vpp = 15V, Vin = OV —1.0 
Vpp = 15V, Vin = 15V 1.0 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pr, unless otherwise noted 


Conditions win | tye | ex | 


Propagation Delay A ee 
High to Low Level ie 
= 70 


Propagation Delay 5. is 
Low to High Level = 10 
trHL tTLH Transition Time = a 
10 
Average Input Any Input 
Capacitance (Note 4) 
Power Dissipation Any Gate 
Capacity (Note 5) 


“AC Parameters are guaranteed by DC correlated testing. 





Note 2: Vss = OV unless otherwise specified. 
Note 3: lo. and Ioy are tested one output at a time. 
Note 4: Capacitance is guaranteed by periodic testing. 


Note 5: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics, Application Note 
AN-90. 
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National . 
Semiconductor 


CD4073BM/CD4073BC 


Double Buffered Triple 3-Input AND Gate 


CD4075BM/CD4075BC 


Double Buffered Triple 3-input OR Gate 


General Description 


These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan- 
nel enhancement mode transistors. They have equal source 
and sink current capabilities and conform to standard B se- 
ries output drive. The devices also have buffered outputs 
which improve transfer characteristics by providing very 
high gain. All inputs are protected against static discharge 
with diodes to Vpp and Vss. 


Connection Diagrams 


Features 

mw Wide supply voltage range 

m High noise immunity 

mw Low power TTL 
compatibility 

gw 5V-10V-15V parametric ratings 

a Symmetrical output characteristics 

m Maximum input leakage 1 pA at 15V over full tempera- 
ture range 


3.0V to 15V 


0.45 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


Dual-In-Line Packages 


CD4073 Triple 3-Input AND Gate 


TL/F/5979-1 
Top View 


CD4075B Triple 3-Input OR Gate 


Vss 
TL/F/5979-2 
Top View 


Order Number CD4073B* or CD4075B* 
*Please look into Section 8, Appendix D for availability of various package types. 
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CD4073BM/CD4073BC/CD4075BM/CD4075BC 


Absolute Maximum Ratings (notes 1 & 2) 
DC Supply Voltage (Vpp) —0.5 Voc to +18 Voc 
Input Voltage (Vin) —0.5 Voc to Vpp +0.5 Voc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


700 mW 
500 mW 


Operation Conditions (note 2) 
DC Supply Voltage (Vpp) +5 Vpc to +15 Voc 
Input Voltage (Vin) 0 Vpc to Vpp Voc 


Operating Temperature Range (Ta) 
CD4073BM/CD4075BM 
CD4073BC/CD4075BC 


—55°C to + 125°C 
— 40°C to + 85°C 


DC Electrical Characteristics cp40738m/cp4075BM (Note 2) 


[Parameter | comatons | ea 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 

Current Vpp = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 

Low Level Vop = 5V 

Output Voltage |Vpp = 10V ¢ |lol <1pA 
Vop = 15V 

High Level Vpp = 5V 

Output Voltage |Vpp = 10V ¢ [lol <1pA 
Vop = 15V 

Low Level Vop = 5V, Vo = 0.5V 

Input Voltage Vop = 
Vop = 15V, Vo = 1.5V 


High Level Vop = 5V, Vo = 4.5V 
Input Voltage Vop = 


Vpp = 15V, Vo = 13.5V 


Low Level Output | Vop = 5V, Vo = 0.4V 
Current Vpp = 10V, Vo = 0.5V 
(Note 3) Vpp = 15V, Vo = 1.5V 


High Level Output] Vpp = 5V, Vo = 4.6V 
Current Vpp = 10V, Vo = 9.5V 
(Note 3) Vpp = 15V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 


Vop = 15V, Vin = 15V 


Schematic Diagram 


10V, Vo = roy | llol < 1 pA 


10V, Vo = 9.0V bia <1pA 





Units 
wax (ain | Typ [wor [mn [wax] 

7.5 

15 

30 


0.25 0.004 
0.5 0.005 
1.0 0.006 
0.05 0.05 0.05 
0.05 0.05 0.05 
0.05 0.05 0.05 
4,95 4,95 4,95 
9.95 905 | 10 9.95 
14.95 14.95| 15 14.95 
3.0 30 
4.0 ¢ | 40 4.0 
3.5 3.5 3.5 
7.0 7.0 7.0 
11.0 11.0 11.0 
0.64 0.88 0.38 
1.6 22 
4.2 
—0.64 —0.51| —0.88 0. is 
—1.6 718 | ~22 —0.9 
—4,2 —3.4 —2.4 
—0.10 —0.10 —1.0 
0.10 0.10 1.0 


CD4073BC 


7} 
J=A-B-C 


1/3 DEVICE SHOWN 


*ALL INPUTS PROTECTED 
BY STANDARD CMOS INPUT 
PROTECTION CIRCUIT. 


TL/F/5979-3 





DC Electrical Characteristics cp40738¢/cb40758c lee 2) 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 
Current Vpop = 10V, Vin = Vpp or Vss 

Voo = 15V, Vin = Vpp or Vss 
Low Level Vpp = 5V 


Output Voltage | Vpp = 10V \ lol < 1 pA 
Vop = 15V 
High Level Vpp = 5V 
Output Voltage {Vpp = 10V ¢ |lol <1 pA 
Vop = 15V 
Low Level Vpp = 5V, Vo = 0.5V 
Input Voltage Vpp = 10V, Vo = 1.0V dlol <1 pA 
Vpop = 15V, Vo = 1.5V 
Vpop = 5V, Vo = 4.5V 
Vop = 10V, Vo = 9.0V_ Fllol <1 pA 
Vop = 15V, Vo = 13.5V 


— BV.Vo = 0. 4 0.88 0.38 
Vop = 10V, Vo = 0.5V - 2 
Vpp = 15V, Vo = 1.5V 
= OV, = 4. 5 —0.44) —0.88 —0.36 
Vop = 10V, Vo = 9.5V —1.1 firs ~0.9 
Vop = 15V, Vo = 13.5V ~3.0 2.4 
input Current Vop = 15V, Vin = OV —0.30 —10—5| —0.30 —1.0 
Vop = 15V, Vin = 15V 0.30 10-5 | 0.30 1.0 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of ‘Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: [oy and Io, are tested one output at a time. 


08S20¢09/WESZ0P09/98E20P00/NaeZordod 


Schematic Diagram 


CD4075BC 
Voo 


1/3 DEVICE SHOWN 


*ALL INPUTS PROTECTED 
BY STANDARD CMOS INPUT 
PROTECTION CIRCUIT. 


Voo 


J 
J=A+B+C 





TL/F/5979-4 
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CD4073BM/CD4073BC/CD4075BM/CD4075BC 


AC Electrical Characteristics* cp40738m/cp40738C/CD4075BM/CD4075BC 
Ta = 25°C, C_ = 50 pF, Ry = 200k unless otherwise specified , 


‘CD4073BC CD4075BC 
Pe [ae | 


Propagation Delay, = 130 
High to Low Level = 60 10 
40 


Propagation Delay, = 140 130 
Low to High Level! = a 
. 70 


Transition Time = 200 | 
Average !nput Any Input 
Capacitance (Note 4) 
Power Dissipation Any Gate 
Capacity (Note 5) 


*AC Parameters are guaranteed by DC correlated testing. 


Note 4: Capacitance is guaranteed by periodic testing. 


Note 5: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family characteristics Application 
Note AN-90. 
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National - 
Semiconductor 


CD4076BM/CD4076BC TRI-STATE® Quad D Flip-Flop | 


General Description 


The CD4076BM/CD4076BC TRI-STATE quad D flip-flop is 
a monolithic complementary MOS (CMOS) integrated circuit 
constructed with N- and P-channel enhancement mode 
transistors. The four D type flip-flops operate synchronously 
from a common clock. The TRI-STATE output allows the 
device to be used in bus organized systems. The outputs 
are placed in the TRISTATE mode when either of the two 
output disable pins are in the logic ‘1” level. The input dis- 
ables allow the flip-flops to remain in their present state 
without disrupting the clock. If either of the two input dis- 
ables is taken to a logic ‘‘1” level, the Q outputs are fed 
back to the inputs and in this manner the flip-flops do not 
change state. 


Logic and Connection Diagrams 


TL/F/5980-1 


Clearing is enabled by taking the clear input to a logic “1” 
level. Clocking occurs on the positive-going transition. 

All inputs are protected against damage due to static dis- 
charge by diode clamps to Vpp and Vss. 


Features 

m Wide supply voltage range 

g High noise immunity 

@ Low power TTL 
compatibility 

m@ High impedance TRI-STATE outputs 

m Inputs can be disabled without gating the clock 

mw Equivalent to MM54C173/MM74C173 


3.0V to 15V 


0.45 Vpp (typ.) 
fan out of 2 driving 74L 
or 1 driving 74LS 


Dual-In-Line Package 


DATA DATA 
INPUT = INPUT 
DISABLE DISASLE 


INPUT INPUT INPUT INPUT 
Vop CLEAR A B c D 


OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
DISABLE DISABLE A B c 


TL/F/5980-2 
Top View . 


Order Number CD4076B* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


Data Input Disable Pala 
Input 


Logic “1” on One or Both Inputs 
Logic “0” on Both Inputs 
Logic “0” on Both Inputs 
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CD4076BM/CD4076BC 


Absolute Maximum Ratings (notes 1 4 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


DC Supply Voltage (Vpp) —0.5V to +18 Voc 
Input Voltage (Vij) —0.5 to Vpp + 0.5Vpc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation 


Dual-in-Line 700 mW 

Small Outline 500 mW 
_ Lead Temperature (T,) 

(Soldering, 10 seconds) 260°C 


Recommended Operating 
Conditions (Note 2) 


DC Supply Voltage (Vpp) +3V to +15 Voc 
Input Voltage (Vin) OV to Vpp Voc 
Operating Temperature Range (Ta) 
CD4076BM —55°C to + 125°C 
CD4076BC — 40°C to + 85°C 


DC Electrical Characteristics cp40768m (Note 2) 


Conditions 


Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 
Vpp = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


Low Level Output Voltage | Vpp = 5V 


High Level Output Voltage | Vpp = 5V 


Low Level Input Voltage 


Vpp = SV, Vo = 0.5V or 4.5V 


Vpp = 10V, Vo = 1Vor9V 


Vop = 15V, Vo = 1.5V or 13.5V 
Vpp = 5V, Vo = 0.5V or 4.5V 


High Level Input Voltage 


Vop = 10V, Vo = 1Vor9V 


Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vop = 5V, Vo = 0.4V 
(Note 3) Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current | Vpp = 5V, Vo = 4.6V 
(Note 3) Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 

Output Current High Vop = 15V, Vin = OV 

Impedance State Vop = 15V, Vin = 15V 


ee ee ee 


150 
300 
00 


0.05 
0.05 


V 
Vv 
Vv 
Vv 
Vv 
V 
Vv 
V 
Vv 
V 
V 
Vv 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and ‘Electrical Characteristics” provides conditions for actual device 


operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 
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DC Electrical Characteristics cp4076Bc (Note 2) 


+25" 
Parameter |) -are | +c 
ee ee sees 
Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 20 150 
Vpp = 10V, Vin = Vpp or Vss 40 rn 300 
Vop = 15V, Vin = Vpp or Vss 80 80 600 


Low Level Output Voltage | Vpp = 5V 0.05 0.05 0.05 
0.05 0.05 0.05 
0.05 0.05 0.05 


High Level Output Voltage | Vpp = 5V 


Low Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9gV 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor 9V 
Vpp = 15V, Vo = 1.5V or 13.5V 

Low Level Output Current | Vop = 5V, Vo = 0.4V 

(Note 3) Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


je ccicccf/<eoccjccc 


High Level Output Current | Vpp = 5V,Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 18V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Output Current High Vop = 15V, Vin = OV 
Impedance State Vop = 15V, Vin = 15V 


AC Electrical Characteristics* . | 
Ta = 25°C, C, = 50 pF, RL = 200k, Input t, = ts = 20 ns, unless otherwise specified 


Symbol Conditions a Units. 


tpH Or tpLH Propagation Delay Time ns 
from Clock to Output ns 
ns 


tpHL Propagation Delay Time - ns 
from Clear to Output = ns 
ns 


tsu Minimum Input Data = ns 
Set-Up Time = ns 
ns 


Minimum Input Data 
Hold Time 


Minimum Input Disable 
Set-Up Time 


Minimum Input Disable 
Hold Time 


*AC Parameters are guaranteed by DC correlated testing. 
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CD4076BM/CD4076BC 


AC Electrical Characteristics* (continued). 
Ta = 25°C, C, = 50 pF, Ry = 200k, Input t; = t; = 20 ns, unless otherwise specified 


Symbol | Parameter | Conditions 


tpHz, tpiz Propagation Delay Time Vop = 5V, RL = 1.0k 340 
from Output Disable to Vpp = 10V, RL = 1.0k 140 
High Impedance State Vop = 15V, RL = 1.0k 115 


0: 
0 


Impedance State) 


tTHe OF trLH Transition Time : = 2 ns 
= 50 100 ns 
. = 40 8 ns 
= 5) t 30 61 40 
1 


Propagation Delay from Output Vpop = 5V, Rr, = 1.0k° 34 

Disable to Logical “1” Level or Vop = 10V, Ry = 1.0k 140 

Logical ‘‘O” Level (From High Vop = 15V, R_ = 1.0k 115 
0 


for Maximum Clock Frequency MHz 
, MHz 


MHz 


twH Minimum Clear Pulse Width ns 
ns 


ns 


tac” tc Maximum Clock Rise Jick oe * * 


7 


0 
and Fall Time 
Cin Average Input Capacitance ~ Data Input (A, B, C, D) 5]. 
Other Inputs 5 
Court TRISTATE Output Capacitance | Any Output ei as ee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the 
devices should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual 
device operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and Ico, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete Seplenauon, see 54C/ 740 ¢ Family Characteristics Application 
Note, AN-90. 


AC Test Circuits and Switching Time Waveforms 


tpHz and tpzH 3 tpiz and tpz, 


Yoo 
INPUT 


DISABLE 1.0k 


INPUT OUTPUT 


TL/F/5980-3 DISABLE Tr C, 


TL/F/5980-4 
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AC Test Circuits and Switching Time Waveforms (Continuea) 


tpHz tpLz 
Voo Voo 


DISABLE 
DISABLE 


ov 


tPLz 
Vou Yoo 


90% 


OUTPUT 
10% 


OV VoL 


TL/F/5980-5 TL/F/5980-6 


tpzH 


—~|tP2H |= 2 
10% 


TL/F/5980-7 


Voo 
DISABLE 


ov 


tezL 


Yoo 
DISABLE 60% 
tpZL 


90% 


TL/F/5980-8 


OUTPUT 
OISABLE 


DATA 
INPUT 


TL/F/5980~9 
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CD4089BM/CD4089BC/CD4527BM/CD4527BC 





National 
Semiconductor 


CD4089BM/CD4089BC Binary Rate Multiplier 
CD4527BM/CD4527BC BCD Rate Multiplier 


General Description 


The CD40898B is a 4-bit binary rate multiplier that provides 
an output pulse rate which is the input clock pulse rate mul- 
tiplied by 14, times the binary input number. For example, if 
5 is the binary input number, there will be 5 output pulses for 
every 16 clock pulses. 

The CD4527B is a 4-bit BCD rate multiplier that provides an 
output pulse rate which is the input clock pulse rate multi- 
plied by 4 times the BCD input number. For example, if 5 
is the BCD input number, there will be 5 output pulses for 
every 10 clock pulses. 

These devices may be used to perform arithmetic opera- 
tions including multiplication and division, A/D and D/A con- 
version and frequency division. 


Connection Diagrams 


CD4089B 
Dual-In-Line-Package 


SET TO “15” 
ouT CASCADE 
OUT INHIBIT IN 
INHIBIT OUT STROBE 


Vss CLOCK 


TL/F/5981-1 


Top View 


Features 

Wide supply voltage range 

@ High noise immunity 

m@ Low power TTL 
compatibility 

m Internally synchronous 4-bit counter 

m Output clocked on the negative-going edge of clock 

@ STROBE for inhibiting and enabling outputs 

@ INHIBIT IN and CASCADE inputs for cascade operation 

m Complementary output 

mw CLEAR and SET inputs 

m “9” or “15” output and INHIBIT OUT output 


3.0V to 15V 


0.45 Vpp typ. 
fan out of 2 driving 74L 
or 1 driving 74LS 


CD4527B 
Dual-In-Line Package 


SET TO “9” CLEAR 
OUT CASCADE 
OUT INHIBIT IN 

INHIBIT OUT STROBE 


Vsg CLOCK 


TL/F/5981-2 
Top View 


Order Number CD4089B* or CD4527B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximu 


m Ratings (Notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Distributors for availability 

Supply Voltage (Vpp) 

Input Voltage (Vin) 

Storage Temperature Range 

Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 

Lead Temperature (T,) 
(Soldering, 10 sec.) 


and specifications. 
—0.5V to + 18V 
—0.5V to Vpp +0.5V 


(Ts) —65°C to + 150°C 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (note 2) 
Supply Voltage (Vpp) 
Input Voltage (Vij) 


Operating Temperature Range (Ta) 
CD4089BM, CD4527BM 
CD4089BC, CD4527BC 


3V to 15V 
OV to VopV 


— 55°C to + 125°C 
— 40°C to + 85°C 


DC Electrical Characteristics cp40898m/cD4527BM (Note 2) 


Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


Input Current 





Vpp = 10V, Vin = Vop or Vss 
Vop = 15V, Vin = Vpp or Vss 


lol S$ 1 pA 
Vop = 5V 

Vop = 10V 
Vop = 15V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1VorgV 
Vop = 5V, Vo = 1.5V or 13.5V 
Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vop = 5V, Vo = 1.5V or 13.5V 
Vop = 5V, Vo = 0.4V 

Vop = 10V, Vo = 0.5V 

Vpop = 15V, Vo = 1.5V 

Vop = 5V, Vo = 4.6V 

Vop = 10V, Vo = 9.5V 

Vop = 15V, Vo = 13.5V 


Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


0.51 0.88 
1.3 2.25 
3.4 8.8 


—0.51 | —0.88 
—1.3 | —2.25 
—3.4 —8.8 


+ 85°C 


Parameter | -4ec | +25c | 
[rawr | contre an a [i a 


Quiescent Device 
Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


Vpop = 5V, Vin = Vpp or Vss 


Vpop = 10V, Vin = Vpp or Vss 
Vpop = 15V, Vin = Vpp or Vss 





lol <1 pA 

Vpp = 5V 

Vpp = 10V 

Vop = 15V 

Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9gVv 
Vop = 5V, Vo = 1.5V or 13.5V 


20 20 150 
40 40 300 

80 600 
0.05 
0.05 
0.05 


9.95 
14.95 
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CD4089BM/CD4089BC/CD4527BM/CD4527BC 


DC Electrical Characteristics cp40898c/cp4527Bc (Note 2) (Continued) 


High Level 


Vop = 5V,Vo = 0.5Vor4.5V | 3.5 


Input Voltage Vop = 10V, Vo = 1Vor9V 


Vop = BV, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 


Current 
(Note 3) 


Vop = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 


High Level Output | Vop = 5V, Vo = 4.6V 


Current 
(Note 3) 


Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


AC Electrical oer 


Symbol 
tPLH) tPHL 


tpLH: tpHL 


tpLH» tPHL 


tPLH: tPHE 


tpLHs tPHL 


teLH tpHL 


tTLHs tTHL 


tw(CL) 


| ——sséParameter 


Propagation Delay Time, 
Clock to Out or Out 


Sopagater Delay Time, 
Clock to Equt 


Propagation Delay Time, 
Clock to “9” or “15” . 


Propagation Delay Time, 
Set or Clear to 
Out or ou 


7.0 
0.52 0.44 
1.3 1.1 
3.6 3.0 
—0.52 —0.44 
—-1.3 —1.1 
—3.6 —3.0 


Vpp = 15V 


0.88 
2.25 


—0.88 
—2.25 
—8.8 


Vop = 5V 
Vop = 10V 
Vpp = 15V 
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AC Electrical Characteristics* (continued) 


| Parameter | Conditions, | Min. (| Typ | Max _| 


Set Removal Time ~—45 
—20 
—10 


Inhibit In Vpop = 5V 175 350 
Set-Up Time Vop = 10V 
Vop = 15V . 


60 

45 
Average Input Capacitance Any Input P 5 | 75 | 
Power Dissipation Capacitance Per Package (Note 4) es ee ee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of ‘Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. : 


Note 2: Vss = OV unless otherwise specified. 
Note 3: Ioy and Io, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application Note, 
AN-90. 


0982¢S700/WE22S700/D8680Pdd/ING680Pd9 


Truth Tables 


CD4089B 
Binary Rate Multiplier 


Number of Pulses or 
Output Logic Level 
(H or L) 


Pin7 - Pin 1 
Inh Out “15” 


. No. of 
Clock Pulses 


16 
16 
16 
16 


16 
16 
16 
16 


16 
16 
16 
16 


16 
16 
16 
16 


16 
16 
16 


16 
16 
16 


~] 


Cascade 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 | 0 
1] 0 
1] 1 
1) 1 
X 1X 
X| xX 
X | X 
X |X 
X | X 
X | X 


0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
X 
X 
X 
X 
Xx 
X 


15 15 


Depends on internal state of counter 
L H 1 


16 
H 
H 





xo-{(x KX Ki/-A +--+ = 

posfpo-fisvefeerefeeroleerelF 
pos|pvefpeeeleereleereleerelE 
Ses es oe 
pa=fpesfieeeleveelsereleveelE 
roafewefpess[psee|eensfere|# 


*Output same as the first 16 lines of this truth table (depending on values of A, B, C, D) 
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CD4089BM/CD4089BC/CD4527BM/CD4527BC 


Truth Tables (Continued) 
CD4527B 
BCD Rate Multiplier 


Number of Pulses or 
Inputs Output Logic Level 
(Hor L) 


oO 


Strobe | Cascade 


No. of 
Clock Pulses 
10 
10 


10 
10 


10 
10 
10 
10 


10 
10 
10 
10 


10 
10 
10 
10 


10 
10 
10 


10 
10 
10 


_— 


> — st ot > os ot > | ot ot —~ ss 


Depends on internal state of counter 
1 


: 1 
10 H 
H H 
H L 


pool povefosefeeee loos F 
po-fcfiecopoesfeceboee|f 
‘or ow oom moe aoe | 
poefscporoposefeecoboee|E 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
X 
X 
X 
1 
0 
x 


*Output same as the first 16 lines of this truth table (depending on values of A, B, C, D) 
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Logic Waveforms 


CD4089B 
Binary Rate Multiplier 


0 1 2 3 4 § 6 7 8 9 10 11 12 13 14 5 0 1 


ooo1 rl 

0010 | l : m1 

ool j l mM rl 

0100 rl mM nM 1 

0101 m1 mM rl m1 1 

a410 MM 1 mM TI TI M1 
waeitouT 


CD4527B 
BCD Rate Multiplier 


0 1 2 3 4 5 6 7 8 9 0 1 2 


sea n 

0010 rT r 1 

0011 IT rl 1 

0100 r1 r1 1 rT] r] 
Ce 


0822S700/WE22S'00/D8680P00/N680F09 


TL/F/5981-3 





TL/F/5981-4 
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CD4089BM/CD4089BC/CD4527BM/CD4527BC 


Logic Diagrams 


CD4089B 
Binary Rate Multiplier 


OCcCBA * 
342 71514 


9 
Ctock 


3 SYNCHRONOUS 
4-BIT BINARY 
COUNTER 


CLEAR L 


4 
SET TO “15" 


PLHP APA 


Vop = Pin 16 
Vssg = Pin 8 


INHIBIT IN 


CD4527B 
BCD Rate Multiplier 


BCcBA 
32 [15)14 


9 
CLOCK 


>0 
CLEAR ue SYNCHRONOUS 
O 4-BIT DECADE 


O 
eel me 
4 
SET TO “8” 


Vpp = Pin 16 
Vsg = Pin 8 


W 
INHIBIT IN 


Cascading Packages 


MOST SIGNIFICANT 
DIGIT 


A 
8 
c 
D 


CLOCK INH OUT 
CASC 
“15 


SET 


CASCADE 
12 


1 
wage 


u INHIBIT OUT 


TL/F/5981-5 


CASCADE 
12, 


STROBE 


u INHIBIT OUT 


TL/F/5981-6 


LEAST SIGNIFICANT 
DIGIT 


OUT 


ouT 


CLOCK INH OUT 
CASC 
INH IN 
st 
CLEAR SET 


“15” 


es 


5 
Two CD4089B’s cascaded in the “add” mode with a preset number of 89 (= + 
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TL/F/5981-7 


2) 
16 256 256 





Cascading Packages (Continued) 


MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 


OUT ouT 


ouT ouT 


A 
B 
c 
D 


CLOCK INH OUT CLOCK INH OUT 
CASC 

INH IN “15” 

ST 


TL/F/5981-8 


7. 14 
Two CD4089B’s cascaded in the “multiply” mode with a preset number of 98 (z x 16 = =) 


J82¢S7090/Wa22Spd0/D8680rdd/Naé680rd9d 


MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 


A A 

B B 

Cc Cc 

0) D 

CLOCK INH OUT CLOCK iNH OUT 
CASC 


INH IN “g" 
ST 


i CLEAR SET i 


TL/F/5981-9 


Two CD4527B’s cascaded in the “add” mode with a preset number of 27 (2 + ae = 2) 


MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 


OUT OUT 


ouT out 


A 
B 
c 
D 
CLOCK INH OUT CLOCK INH OUT 
CASC . CASC 

ni 





TL/F/5981-10 


3 9 27 
Two CD4527B’s cascaded in the “multiply” mode with a preset number of 27 (= Xx 70 = 27) 
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CD4093BM/CD4093BC 


National - 
Semiconductor 


CD4093BM/CD4093BC Quad 


2-Input NAND Schmitt Trigger 


General Description 


The CD40938B consists of four Schmitt-trigger circuits. Each 
circuit functions as a 2-input NAND gate with Schmitt-trigger 
action on both inputs. The gate switches at different points 
for positive and negative-going signals. The difference be- 
tween the positive (V7 +) and the negative voltage (V7—) is 
defined as hysteresis voltage (Vj). 

All outputs have equal source and sink currents and con- 


form to standard B-series output drive (see Static Electrical 
Characteristics). 


Features 

m@ Wide supply voltage range 

m Schmitt-trigger on each input 
with no external components 

m Noise immunity greater than 50% 


3.0V to 15V 


Connection Diagram 


m Equal source and sink currents 
@ No limit on input rise and fall time 
@ Standard B-series output drive 
m Hysteresis voltage (any input) Ta = 25°C 
Typical Vpp = 5.0V Vy = 1.5V 
Vpp = 10V Vy = 2.2V 
Vpop = 15V Vy = 2.7V 
Guaranteed Vu = 0.1 Vop 
Applications 
m Wave and pulse shapers 
B® High-noise-environment systems 
@ Monostable multivibrators 
mw Astable multivibrators 
@ NAND logic 


Dual-In-Line Package 


TL/F/5982-1 


Top View 


Order Number CD4093B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 
If ssa pai rain eee yee a bea: Conditions (note 2) 
ontact the Na 

Batbatore for avauability and Gee ice. mans DG Supply Voltage (VOp) 31018 Voc 
DC Supply Voltage (Vpp) —0.5 to +18 Voc inp Voltage (Vin) 0 to Vop Voc 
Input Voltage (Vin) ~0.5 to Vpp +0.5 Voc i ella Range (Ta) Seis shame 
Storage Temperature Range (Ts) ~—65°C to + 150°C CD4093BC —40°C to + 85°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mw 

Small Outline 500 mW 
Lead Temperature (T,) 

(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp40938m (Note 2) 


Quiescent Device 
Current 


Low Level Vin = Vop: Ilol < 1 pA 
Output Voltage Vpp = 5V 

Vop = 10V 

Vpp = 15V 


High Level Vin = Vs. llol < 1 BA 
Output Voltage Vop = 5V 
Vpp = 10V 
Vop = 15V 


Negative-Going Threshold | |Io| < 1 pA 

Voltage (Any Input) Vop = 5V, Vo = 4.5V 
Vop = 10V, Vo = 9V 
Vpop = 16V, Vo = 13.5V 


Positive-Going Threshold | |io| < 1 pA 

Voltage (Any Input) Vop = 5V, Vo = 0.5V 
Vpop = 10V, Vo = 1V 
Vpp = 15V, Vo = 1.5V 


Hysteresis (V7 + — V7—) 
(Any Input) 


Low Level Output Vin = Vpop 

Current (Note 3) Vop = 5V, Vo = 0.4V 
Vpop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Vin = Vss 

Current (Note 3) Vpp = 5V, Vo = 4.6V 
Vpop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: Io and Io, are tested one output at a time. 
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098£60709/WNEE60P0D 


CD4093BM/CD4093BC 


DC Electrical Characteristics cp40938c me 2) 


Quiescent Device 
Current 


Low Level Vin = Vop, llol < 1 pA 
Output Voltage Vpp = 5V 

Vop = 10V 

Vpp = 15V 


High Level Vin = Vgs, llol < 1 pA 
Output Voltage Vpop = 5V 
Vpp = 10V 
‘| Vpp = 15V 


Negative-Going Threshold | |Io| < 1 pA 

Voltage (Any Input) Vop = 5V, Vo = 4.5V 
Vpp = 10V, Vo = 9V 
Vop = 15V, Vo = 13.5V 


Positive-Going Threshold | |lo| <1 pA 

Voltage (Any Input) Vop = 5V, Vo = 0.5V 

: Vop = 10V, Vo = 1V 
Vop = 15V, Vo = 1.5V 





Hysteresis (V7 + — Vr~) 
(Any Input) 


Low Level Output ‘1 Vin = Vop.- 
Current (Note 3) Vop = 5V, Vo = 0.4V 
: Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Vin = Vss 

Current (Note 3) Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 
Ta = 25°C, C, = 50 pF, RL = 200k, Input t,, tp = 20 ns, unless otherwise specified 


tpyc, tpLH _ Propagation Delay Time 


tro. trLy Transition Time 


Input Capacitance (Any Input) eee Rar Ties ea 
Power Dissipation Capacitance (Per Gate) Paci ie 


*AC Parameters are guaranteed by DC correlated testing. 
Note 2: Vsg = OV unless otherwise specified. 
Note 3: Ioy and io, are tested one output at a time. 
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Typical Applications 


Gated Oscillator 


Voo 


CONTROL 


a 


TL/F/5982-2 
Assume ty + to >> tpy_ + tery then: 
to = RC 2n [Vop/Vr-] 
ty = RC £n[(Vpp — Vt-)/(Vpp + Vr*)I 
ta = RC fn[Vzt/Vz-] 


Als 5 1 
ty +t 
okies (Vr+) (Vop — Vr7) 
(Vt-)(Vpp — Vr*) 


f= 
RC Zn 


TL/F/5982-3 


Gated One-Shot 


Vv 
DD Vin iY a4 [| [- 
Vv 
vi 


TL/F/5982-4 


Sel t= RC en [Vpp/(Vop - Vrs 


TL/F/5982~5 
(a) Negative-Edge Triggered 


TL/F/5982-6 


w UH =U - t= RC &n (Vp p/V7-) 


(b) Positive-Edge Triggered 


TL/F/5982-7 
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CD4093BM/CD4093BC 


Typical Performance Characteristics 


Typical Transfer 
Characteristics Guaranteed Hysteresis vs Vop 


oa 

Rees 
{eres 
See tel | 
Pox GB (Cs 
etn = eee 
sae Hl ie 
Remar 
{—seenregomn | 


OUTPUT VOLTAGE (V) 
YH x 100 (x) 
Vop 


HYSTERESIS, 


INPUT VOLTAGE (V) 


TL/F/5982-8 TL/F/5982-9 


Guaranteed Trigger Threshold 
; Voltage vs Vpp Guaranteed Hysteresis vs Vpp 
6 


[| 

a lige iil 
Be aa VL 

eT TT 

Bp He DR 


|| ## MINIMUM HYSTERESIS SPREAO 0.1Vnp 


10 15 
Vpp (V) 


GUARANTEED TRIGGER 
THRESHOLD VOLTAGE (V+, V7_), (V) 
GUARANTEED HYSTERESIS (V) 





TL/F/5982-10 TL/F/5982~11 


Input and Output Characteristics 


Output Characteristic Input Characteristic 
LOGIC “1” OUTPUT 
REGION 


v 
Yoo cl CoGic “1” INPUT 


Vou — Vin - REGION 
vot L Vor L ViH(MIN) * VT+ (MIN) 2 oe mm me me = VM ae ome om 


Pa Yo | se 


VIL(MAX) = VE-(MAX) = Yyg) = oe me we cle me ee 
DRIVER LOAD NML 


: LOGIC “0” INPUT 
TL/F/5982-12 REGION 
LOGIC “oO” OUTPUT 
REGION 


TL/F/5982-13 
Vit = Vinaviny ~ Vou & Vinwminy = Vr* (min) 
VamH = Vou — Vitmax) = Vop — Viravax) = Yoo — Vr7(maxy 


AC Test Circuits and Switching Time Waveforms 


TL/F/5982-14 ‘PLH 
TL/F/5982-15 
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National © 
Semiconductor 


CD4094BM/CD4094BC 8-Bit Shift Register/Latch 


with TRI-STATE® Outputs 


General Description 


The CD4094BM/CD4094BC consists of an 8-bit shift regis- 
ter and a TRI-STATE 8-bit latch. Data is shifted serially 
through the shift register on the positive transition of the 
clock. The output of the last stage (Qs) can be used to 
cascade several devices. Data on the Qs output is trans- 
ferred to a second output, Q’s, on the following negative 
clock edge. 


The output of each stage of the shift register feeds a latch, 
which latches data on the negative edge of the STROBE 
input. When STROBE is high, data propagates through the 
latch to TRI-STATE output gates. These gates are enabled 
when OUTPUT ENABLE is taken high. 


Connection Diagram 


Dual-In-Line Package 


1 
2 
3 
4 
5 
6 
7 
18 


TL/F/5983-1 
Top View 


Block or Logic Diagram 


Qi 


Features 

m Wide supply voltage range 

m@ High noise immunity 

w Low power TTL 
compatibility 

m@ TRI-STATE outputs 


3.0V to 18V 


0.45 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


Order Number CD4094B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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CD4094BM/CD4094BC 


Absolute Maximum Ratings (notes1 and2) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions (note 2) 
contact the National Semiconductor Sales Office/ 


Distributors for availability and specifications. ig pie se (pp) % es ae ae 
Supply Voltage (Vpp) —0.5 to +18 Vpc Hee . a IN) aan TA) © ¥pp Voc 
erating Temperature Range 

Input Voltage (Vin) —0.5 to Vpp + 0.5 Voc poopy P 9° NTA 55°C to +125°C 
Storage Temperature Range (Ts) —65°C to + 150°C ~ CD4094BC —40°C to +85°C 
Power Dissipation (Pp) 

Dual-In-Line 700 mW 

Small Outline 500 mW 
Lead Temperature (T;) 

(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp40948m (Note 2) 


Quiescent 
Device Current 





















Low Level 
Output Voltage 


Vpop = 5.0V ; 
Vpp = 10V ¢ |Iol < 1.0 pA 
Vpp = 15V 


High Level Vpop = 5.0V 
lol $ 1 pA 








Output Voltage Vpp = 10V 
Vop = 15V 


Low Level Vop = 5.0V, Vo = 0.5V or 4.5V 
Input Voltage Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vpop = 5.0V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vop = 5.0V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 

























High Level 
Input Voltage 


<<<j<c<c<cj<<<j<<< 













Low Level 
Output Current 
(Note 3) 












High Level Vpp = 5.0V, Vo = 4.6V 
Output Current Vop = 10V, Vo = 9.5V 
(Note 3) Vpp = 15V, Vo = 13.5V 





Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 
TRI-STATE Output | Vpp = 15V, Vin = OV or 15V 
+0.3 +9 
Leakage Current 





Quiescent 
Device Current 


Low Level Vop = 5.0V ; 
Output Voltage | Vpp = 10V ¢ |Iol < 1.0HA 
Vop = 15V 
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DC Electrical Characteristics cp40948¢ (Note 2) (Continued) 


Parameter Conditions 
Cnet rsa 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level! 
Output Current 
(Note 3) 


High Level 
Output Current 
(Note 3) 


Input Current 


Vpop = 5.0V 
Vpop = 10V llol < 1 pA 
Vop = 15V 


Vpp = 5.0V, Vo = 0.5V or 4.5V 
Vpop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5.0V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 

Vop = 15V, Vo = 1.5V or 13.5V 
Vop = 5.0V, Vo = 0.4V 

Vop = 10V, Vo = 0.5V 

Vop = 15V, Vo = 1.5V 

Vop = 5.0V, Vo = 4.6V 

Vop = 10V, Vo = 9.5V 

Vop = 15V, Vo = 13.5V 


Vop = 15V, Vin = OV 


4.95 
9.95 
14.95 


4.95 
9.95 
14.95 


4.95 | 5.0 
9.95 | 10.0 
14.95 | 15.0 


3.5 
7.0 
11.0 


0.44 | 0.88 
1.1 | 2.25 
3.0 | 88 


<<<j<c<c<c/<<< 


08r60700/NEr60r09 


Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF 


| Parameter | Conditions| min. _| typ | Max __| 
= 300 


Symbol Units 


Propagation Delay 
Clock to Qs 


tpHL tpLH 


Propagation Delay 
Clock to Q's 


tpHL tpLH 


Propagation Delay Clock 
to Parallel Out 


tPHL, tpLH 


Propagation Delay Strobe 
to Parallel Out 


tpHL tpLH 


Propagation Delay High 
Level to High Impedance 


tpHz 


Propagation Delay Low 
Level to High Impedance 


tpLz 


Propagation Delay High 
Impedance to High Level 


tpZH 


Propagation Delay High 
Impedance to Low Level 


*AC Parameters are guaranteed by DC correlated testing. 
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CD4094BM/CD4094BC 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF (Continued) 


symbol _—__Feremeter__| _Gondivone_| in| typ | ex _| Units 


tty ttLH Transition Time 


tsy Set-Up Time 
Data to Clock 


tr, ty Maximum Clock Rise 
and Fall Time 


tpc Minimum Clock 
Pulse Width 


tps Minimum Strobe 
. Pulse Width 


fMax Maximum Clock Frequency 


MHz 


CIN Input Capacitance Any Input ae ee pF 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the 
devices should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual 
device operation. 


Note 2: Vssg = OV unless otherwise specified. 
Note 3: Io} and Io, are tested one output at a time. 


Timing Diagram 


STROBE 


OUTPUT 
ENABLE 


TL/F/5983-3 
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Test Circuits and Timing Diagrams for TRI-STATE 


teze, tpuz 
OUTPUT 


BLE 
ENABLE Son 


<— teiz 
Yop 


Vss 


eoeeseee —_— Se Vv; 
rad 90% ” 
10% 
Q Vou 
TL/F/5983-4 . 
PZL 


TL/F/5983-5 


28r60709/Waré60rdd 


=— tpyz 
tezu, tpHz 
Yop 


Vss 


Q —t 90% Vou 
es . 
*Se55 10% 
2eeee Veg 
TL/F/5983-6 _| tezH 


TL/F/5983-7, 


Parallel Outputs Serial Outputs 


a a ae ea 
pot | 0 | x | Nochg | Noha | a7 | Noche. | 


aa a Le | Qu-1 | a7 | Nochg. | 
: 





| at | ow | as | as | 
| Hz | Hz | a7 | Noha. | 


Q7 
Q7 
Er el Q7 
a ee 

' 
X = Don't Care 


*At the positive clock edge, information in the 7th shift register stage is transferred to Q8 and Qs. 
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CD4099BM/CD4099BC 


National | 
Semiconductor 


CD4099BM/CD4099BC 8-Bit Addressable Latch 


General Description Features 


The CD40998 is an 8-bit addressable latch with three ad- ™@ Wide supply voltage range _  3.0V to 15V 
dress inputs (AO-A2), an active low enable input (E), active ™ High noise immunity 0.45 Vop (typ.) 
high clear input (CL), a data input (D), and eight outputs m™ Low power TTL fan out of 2 driving 74L 
(Q0-Q7). compatibility or 1 driving 74LS 
Data is entered into a particular bit in the latch when that bit m Serial to parallel capability 

is addressed by the address inputs and the enable (E) ism Storage register capability 

low. Data entry is inhibited when enable (E) is high. m Random (addressable) data entry 

When clear (CL) and enable (E) are high, all outputs are low. —™ Active high demultiplexing capability 

When clear (CL) is high and enable (E) is low, the channel gq Common active high clear 

demultiplexing occurs. The bit that is addressed has an ac- 

tive output which follows the data input while all unad- 

dressed bits are held low. When operating in the address- 

able latch mode (E = CL = low), changing more than one 

bit of the address could impose a transient wrong address. 

Therefore, this should only be done while in the memory 

mode (E = high, CL = low). 





Connection Diagram 


CD4099B 
Dual-in-Line Package 


Order Number CD4099B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/5984-1 
Top View 


Truth Table 


Mode Selection 


CL Addressed Unaddressed 
Latch Latch 


Follows Data Holds Previous Data Addressable Latch 
Holds Previous Data Holds Previous Data Memory 

Follows Data Reset to “0” Demultiplexer 
Reset to “0” Reset to “0” Clear 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


DC Supply Voltage (Vpp) —0.5 to +18 Voc 
Input Voltage (Vij) —0.5 to Vpp +0.5 Voc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (Note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4099BM 
CD4099BC 


3.0 to 15 Voc 
0 to Vop Voc 


—§5°C to + 125°C 
— 40°C to + 85°C 


DC Electrical Characteristics cp40998M (Note 2) 


Vop = 5V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop = _15V, Vin = Vpp or Vss 
Low Level 
Output Voltage 


High Level 
Output Voltage 


llo| < 1 pA 
Vop = 5V 

Vop = 10V 
Vpp = 15V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V,Vo = 1.5V or 13.5V 


Vpop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 
Vpop = 15V, Vo = 1.5V 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Current (Note 3) | Vpp = 10V, Vo = 9.5V 


Vop = 15V, Vo = 13.5V 


Input Current) 5 {| Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Quiescent Device 
Current 


Conditions 


Vpp = 5V, Vin = Vpp or Vss 
Vpp = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vop or Vss 
Low Level 

Output Voltage 


High Level 
Output Voltage 


Low Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 18V, Vo = 1.5V or 13.5V 


High Level 
Input Voltage 


Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 


: Vop = 15V, Vo = 1.5V or 13.5V 


4.95 

9.95 
1.5 2.25 | 1.5 : 
3.0 45 | 3.0 : 
4.0 6.75 | 4.0 4.0. 


+ 425°C 
| Min | Typ | Max | Min _| Max | 


0.02 5.0 150 
0.02 10 300 
20 600 
0.05 
0.05 

: 5.0 ; 

5 10 : 

14.95 15 14.95 

1.5 1.5 
3.0 3.0 
4.0 4.0 


2.25 


6.75 
2.75 


11.0 | 8.25 


0.51 0.88 
2.25 


—0.51 
—1.3 | —2.25 


—0.88 


42 ~34| -8.8 24 


—0.10 —10-5] —0.10 
0.10 10-5 | 0.10 


| =40c | +25C 
| Min | Max | Min | Typ | Max | Min_| Max | 
20 20 


+ 85°C 


0.02 150 


0.02 300 
0.02 600 


40 40 
80 80 
0.05 0.05 0.05 
0.05 0.05 0.05 
0.05 0.05 0.05 
5 4.95 
10 9.95 
15 14.95 
1.5 
3.0 


3.5 2.75 
7.0 5.5 
11.0 | 8.25 
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CD4099BM/CD4099BC 


DC Electrical Characteristics cp40998¢ (Note 2) (Continued) 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current (Note 3) Vpop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output | Vpp = 5V, Vo = 4.6V. .| —0.52 —0.44 | —0.88 
Current (Note 3) Vop = 10V, Vo = 9.5V -1.3 —1.1 —2.25 
Vop = 15V, Vo = 13.5V | —3.6 —3.0 —8.8 


Input Current Vop = 15V, Vin = OV —0.30 —0.30 
Vpp = 15V, Vin = 15V 0.30 0.30 


AC Electrical Characteristics* 
Ta = 25°C, C, = 50 pF, RL = 200k, Input t; = t; = 20 ns, unless otherwise noted 


Symbol Conditions | Min | Typ | Max | Units 


tepHL, tpi Propagation Delay Vop = 5V 200 400 
Data to Output Vop = 10V : 150 
Vpp = 15V 100 
tpLH, tpHL Propagation Delay Vop = 5V oa 400 
Enable to Output Vop = 10V 160 
Vop = 15V 120 
tpHL Propagation Delay Vop = 5V peg 350 
Clear to Output Vpp = 10V 160 
Vop = 15V 130 
trtH, tTHL Propagation Delay Vop = 5V 225 450 
Address to Output Vop = 10V ps 200 
Vop = 15V 150 
trou tTLH Transition Time Vop = 5V ps 200 
(Any Output) Vpp = 10V 100 
Vpp = 15V 80 
TWH TWL Minimum Data Vop = 5V Hs 200 
Pulse Width Vpp = 10V 100 
Vop = — 80 
twH, twL Minimum Address Vpop = 200 400 
Pulse Width Vpp = fay oe 200 
Vpp = 15V 125 
Minimum Clear Vpp = 5V 150 
Pulse Width Vop = 10V 75 
Vop = 15V 50 
Minimum Set-Up Time Vop = 5V 
Data to E Vop = 10V 
Vop = 15V 
Minimum Hold Time Vpp = 5V 
Data to E Vpp = 10V 
Vpp = 15V 
Minimum Set-Up Time Vpp = 5V 
Address to E Vop = 10V 
Vpop = 15V 
Minimum Hold Time Vpp = 5V 
Address to E Vop = 10V 
Vop = 15V 
Cpp Power Dissipation ee a Per Package 
(Note 4) : 


gecesi Capacitance Any Input eee ee ee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Condtions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


_ Note 2: Vsg = OV unless otherwise specified. ; 
Note 3: loy and fo, are tested one output at a time. 


Note 4: Dynamic power dissipation (Pp) is given by: Pp = (Cpp + C.) Vec2f + Pa; where C_ = load capacitance; f = frequency of operation; for further details, 
see application note AN-90, '54C/74C Family Characteristics”. 
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TL/F/5984-3 





National — 
Semiconductor 


CD40106BM/CD40106BC Hex Schmitt Trigger 


General Description 

The CD40106B Hex Schmitt Trigger is a monolithic comple- 
mentary MOS (CMOS) integrated circuit constructed with N 
and P-channel enhancement transistors. The positive and 
negative-going threshold voltages, V7+ and Vy7_, show low 
variation with respect to temperature (typ 0.0005V/°C at 
Vpp = 10V), and hysteresis, V7+ — Vr— 2 0.2 Vpp is 
guaranteed. 

All inputs are protected from damage due to static dis- 
charge by diode clamps to Vpp and Vgs. 


Connection Diagram 


Dual-In-Line Package 


Top View 


Schematic Diagram 





Features 
@ Wide supply voltage range 
@ High noise immunity 
m Low power 
TTL compatibility 
mw Hysteresis 


3V to 15V 
0.7 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 
0.4 Vpp (typ.) 
0.2 Vpp guaranteed 
@ Equivalent to MM54C14/MM74C14 
m Equivalent to MC14584B 


Switching Time Waveforms 


OUTPUT 


TL/F/5985-3 
t; = tp = 20ns 


Order Number CD40 106B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


q 


° 


a: 


OUTPUT 


TL/F/5985-1 
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CD40106BM/CD40106BC 


Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

DC Supply Voltage (Vpp) —0.5 to +18 Voc 
Input Voltage (Vin) ~0.5to Vpp +0.5Vpc 
Storage Temperature Range (Ts) —65°C to + 150°C 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature (TL) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Quiescent Device 
Current 


Vpp = 5V, 

Vin = Vpp or Vss 
Vop = 10V, 

Vin = Vpp or Vss 
Vpop = 15V, 

Vin = Vpp or Vsg 


Ilo! <1pA 
Vop = 5V 

Vop = 10V 
Vop = 15V 


llol < 1 pA 
Vop = 5V 

Vpp = 10V 
Vpop = 15V 


Vpp= 5V, Vo= 4.5V 
Vpp= 10V, Vo= 9V 
Vop= 15V, Vo= 13.5V 
Vpp = 5V, Vo= 0.5V 
Vpp= 10V, Vo= 1V 
Vop= 15V, Vo= 1.5V 


Low Level Output 
Voltage 


High Level Output 
Voltage 


Negative-Going Threshold 
Voltage 


Positive-Going Threshold 
Voltage 


Hysteresis (V+ — VtT_) 


Low Level Output 
Current (Note 3) 


Vop=5V, Vo = 0.4V 
Vop = 10V, Vo =0.5V 
Vpp= 15V, Vo=1.5V 
Vop=5V, Vo=4.6V 
Vpp= 10V, Vo=9.5V 
Vop= 15V, Vo= 13.5V 
Vpp= 15V, Vin=0V 
Vpop= 15V, Vin= 15V 


High Level Output 
Current (Note 3) 


Input Current 


Recommended Operating 


Conditions (note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD40106BM 
CD40106BC 


3to15Vpc 
0toVpp Voc 


—55°C to + 125°C 
—40°C to +85°C 


_DC Electrical Characteristics cp401068m (Note 2) 


| =85C 
Fae [a [aye [oe [we 


4.95 
9.95 
14.95 


0.7 
1.4 
2.1 


3.0 
6.0 





Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 


operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: lov and Io, are tested one output at a time. 
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DC Electrical Characteristics cp401068¢ (Note 2) 


Quiescent Device Current 


Low Level Output lol < 1 pA 

Voltage Vop = 5V 
Vpp = 10V 
Vop = 15V 


High Level Output lol < 1 pA 

Voltage Vpp = 5V 
Vpop = 10V 
Vop = 15V 


Negative-Going Threshold | Vpp = 5V, Vo = 4.5V 
Voltage Vop = 10V, Vo = 9V 
Vpop = 15V, Vo = 13.5V 
Positive-Going Threshold | Vpp = 5V, Vo = 0.5V 
Voltage Vop = 10V, Vo = 1V 
Vop = 15V, Vo = 1.5V 


0989010709/W8901l0Pdd 


Hysteresis (V7+ — Vr_) 
Voltage 


<<<]j/<<<cj<c<c<cj<c<c< 


Low Level Output Vpp = 5V, Vo = 0.4V 
Current (Note 3) Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
High Level Output Vpp = 5V, Vo = 4.6V 
Current (Note 3) Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


AC Electrical Characteristics* 
Ta = 25°C, C, = 50 pF, RL = 200k, t, and t; = 20 ns, unless otherwise specified 


Parameter condone | win {| typ} ax | 


tPHL OF tpLH Propagation Delay Time from Vpop = 5V 
Input to Output Vpp = 10V 
Vpp = 15V 


tTHL Or tTLH Transition Time 


Average Input Capacitance Any Input a eT 
Power Dissipation Capacity Any Gate (Note 4) aa ae ae 


*AC Parameters are guaranteed by DC correlated testing. 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and Ip, are tested one output at a time. 


Note 4: Cpp determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 
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CD40106BM/CD40106BC 


Typical Applications 


Low Power Oscillator 


Vv 
ty = RC #n—t 
T- 
Vop — VT-— 
to = RC 2n————— 
: Vop ~ Vt+ 
1 
V+ (pp — Vt-) 
RC 401 -————__ 
Vt- (Vpop — Vt+) 


L ¢ Note: The equations assume 
= ot + tg >> tro + tel 


TL/F/5985~4 


VIN 
$33 


TL/F/5985-5 
Typical Performance Characteristics 


Typical Transfer Guaranteed 
Characteristics Trip Point Range 


*MINIMUM HYSTERESIS 
SPREAD (= 0.2 Vop) 


= 
wi 
o 
< 
= 
=! 
o 
> 
- 
> 
5 
o 


INPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 
TL/F/5985-6 TL/F/5985-7 


Voo 


VT+ 


INPUT 
VOLTAGE 


VT- 


ov 


Voo 


OUTPUT 
VOLTAGE 


TL/F/5985-8 
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National © 
Semiconductor 


CD40160BM/CD40160BC 


Decade Counter with Asynchronous Clear 


CD40161BM/CD40161BC 


Binary Counter with Asynchronous Clear 


CD40162BM/CD40162BC 


Decade Counter with Synchronous Clear 


CD40163BM/CD40163BC 


Binary Counter with Synchronous Clear 


General Description 


These (synchronous presettable up) counters are monolith- 
ic complementary MOS (CMOS) integrated circuits con- 
structed with N- and P-channel enhancement mode transis- 
tors. They feature an internal carry look-ahead for fast 
counting schemes and for cascading packages without ad- 
ditional gating. 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next posi- 
tive clock edge. The clear function for the CD40162B and 
CD401638B is synchronous and a !ow level at the clear input 
sets all four outputs low after the next positive clock edge. 
The clear function for the CD40160B and CD40161B is 
asynchronous and a low level at the clear input sets all four 
outputs low, regardless of the state of the clock. 


Counting is enabled when both count enable inputs are 
high. Input T is fed forward to also enable the carry out. The 
carry output is a positive pulse with a duration approximately 
equal to the positive portion of Qa and can be used to en- 
able successive cascaded stages. Logic transitions at the 
enable P or T inputs can occur when the clock is high or 
low. 


Connection Diagram 


Dual-tn-Line Package 


Yop 
RIPPLE 
CARRY 


on mn nek WwW DH 


" TL/F/5986-1 
Top View 


Features 

m Wide supply voltage range 

m@ High noise immunity 

m Low power TTL fan out of 2 driving 74L 
compatibility or 1 driving 74LS 

g Internal look-ahead for fast counting schemes 

B Carry output for N-bit cascading 

m Load control line 

gm Synchronously programmable 

@ Equivalent to MC14160B, MC14161B, MC14162B, 
MC14163B 

m Equivalent to MM74C160, MM74C161, MM74C162, 
MM74C163 


3.0V to 15V 
0.45 Vpp (typ.) 


Order Number CD40160B*, CD40161B*, 
CD40162B* or CD40163B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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CD40160BM/CD40160BC/CD40161BM/CD40161BC/CD40162BM/CD40162BC/CD40163/CD40163BC 


Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions (note 2) 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. De Supply Voltage (Yoo) avo 1S DG 
Input Voltage (Vin) OV to Vpn Voc 


DC Supply Voltage (Vpp) —0.5 to +18 Voc Bain on Ta) 

erating Temperature Range 
Input Voltage (Vin) —0.5 to Vpp +0.5 Voc soloed dat Getta —~55°C to +125°C 
Storage Temperature Range(Ts) | —65°C to + 150°C CD40XXXBC —40°C to + 85°C 


Power Dissipation (Pp) 
Dual-In-Line 700 mW 
Small Outline «500 mW 


Lead Temperature 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp401608mM/cD40161BM/CD40162BM/CD40163BM (Note 2) 


Quiescent Device | Vpp = 5V 5 150 
Current Vop = 10V 10 300 
Vop = 15V 20 600 


Low Level Output 

Voltage = . 0.05 
0.05 
0.05 


High Level Output 
Voltage 


Low Level Input | Vop=5V, Vo=0.5V or 4.5V 
Voltage Vop= 10V, Vo=1V or 9V 
Vpp = 15V, Vo= 1.5V or 13.5V 
High Level Input | Vop=5V, Vo=0.5V or 4.5V 
Voltage Vpp= 10V, Vo=1V or 9V 
Vpp = 15V, Vo= 1.5V or 13.5V 
Low Level Output | Vop=5V, Vo =0.4V 


Current (Note 3) | Vpp= 10V, Vo=0.5V 
Vpp = 15V, Vo = 1.5V 


High Level Output | Vpp = 5V, Vo=4.6V —0.64 —0.51; —0.88 —0.36 
Current (Note 3) | Vpp=10V, Vo=9.5V —1.6 —1.3 } -2.25 —0.9 
Vpp = 15V, Vo = 13.5V —4.2 —3.4 |] -88 —2.4 


Input Current Vpp = 15V, Vin=OV —0.10 —10-5 | —0.10 —1.0 
Vop = 15V, Vin = 15V 0.10 10-5 | 0.10 1.0 


DC Electrical Characteristics cp401608c/cD40161BC/CD40162BC/CD40163BC (Note 2) 


Limits 
Parameter +85°C 
a Gmnce 
Quiescent Device Current |} Vpp = 5V 150 
Vop = 10V 300 
Vop = 15V 600 
Low Level Output 
Voltage = 0.05 0.05 0.05 
0.05 0.05 0.05 
0.05 0.05 0.05 
High Level Output 
Voltage 4.95 4.95 5 4.95 
= 9.95 9.95 | 10 0.95 
= 14.95 14.95 |} 15 14.95 
Low Level Input Vop= 5V, Vo =0.5V or 4.5V 1.5 1.5 1.5 
Voltage Vop= 10V, Vo= 1V or 9V 3.0 3.0 3.0 
Vpop = 15V, Vo= 1.5V or 13.5V 4.0 4.0 
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DC Electrical Characteristics cp401608C/cD401618C/CD40162BC/CD40163BC (Note 2) (Continued) 
Limits 


+85°C 
eee [am eee oe 
3.5 


3.5 3.5 
7.0 7.0 
Ho 11.0 11.0 
0.52 0.44 0.88 0.36 
Vpp = 10V, Vo =0.5V 1.3 1.1 2.25 0.9 
Vop= 15V, Vo=1.5V 3.6 3.0 8.8 2.4 
High Level Output | Vpp = 5V, Vo =4.6V —0.52 —0.44} —0.88 —0.36 
Current (Note 3) | Vpp=10V, Vo=9.5V -1.3 —1.1 | —2.25 —0.9 
Vop = 15V, Vo= 13.5V —3.6 -3.0 | —-88 —2.4 
Input Current Vpp= 15V, Vin=0V —0.30 —10-5| —0.30 —1.0 
Vop= 15V, Vin= 15V 0.30 10-5 | 0.30 1.0 


Parameter 


ge Level Input 
ge 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vop= 10V, Vo=1V or 9V 
Vop= 15V, Vo= 1.5V or 13.5V 


Low Level Output | Vpp =5V, Vo=0.4V 


Current (Note 3) 


AC Electrical Characteristics* 1, = 25°, c, = 50 pF, R, = 200k, unless otherwise specified. 


Parameter [coneitions | win | Typ | Max 


Symbol 


tPHL OF tpLH 


tpHL OF tpLH 


tpHL OF tpLH 


teHL 


tsu 


tsu 


tsu 


two or twH 


trcw OF tect 


fo 


tTHL OF tTLH 


Cin 
Cpp 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics" provides conditions for actual device 


operation. 


Propagation Delay Time from 
Clock toQ 

Propagation Delay Time from 
Clock to Carry Out 


Propagation Delay Time from T 
Enable to Carry Out 


Propagation Time from Clear to Q 
(CD40160B, CD401618B Only) 


Minimum Time Prior to Clock that 
Data or Load must be Present 


Minimum Time Prior to Clock that 
Enable P or T must be Present 


Minimum Time Prior to Clock that 
Clear must be Present (CD40162B, 
CD40163B Only) 


Maximum Clock Pulse Width 
Maximum Clock Rise or Fal! Time 
Maximum Clock Frequency 


Transition Time 


Vpop = 5V 
Vop = 10V 
Vop = 15V 


Vop = 5V 
Vpop = 10V 
Vop = 15V 


Vop = 5V 
Vop = 10V 
Vpp = 15V 


Vop = 5V 
Vop = 10V 
Vop = 15V 


Vpop = 5V 
Vop = 10V 
Vop = 15V 


Vop = 5V 
Vop = 10V 
Vop = 15V 


Vop = 5V 
Vop = 10V 
Vop = 15V 


Vpp = 5V 
Vpp = 10V 
Vop = 15V 
Vop = 5V 
Vop = 10V 
Vpop = 15V 


Vop = 5V 

Vop = 10V 
Vop = 15V 
All Outputs 
Vpp = 5V 

Vop = 10V 
Vop = 15V 


250 400 
ie 160 
130 


290 
120 
100 


a 


i 


450 
190 
160 


290 
130 
110 


300 
150 
120 


a : im 
= 





Average Input Capacitance Any input ees a ee ee 
Power Dissipation Capacity | ores) | Ts 


*AC Parameters are guaranteed by DC correlated testing. 


Note 2: Vss = OV unless otherwise specified. 


Note 3: lox and Io, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 5AC/74C Family Characteristics application note, 


AN-90. 
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CD40160BM/CD40160BC/CD40161BM/CD40161BC/CD40162BM/CD40162BC/CD40163/CD40163BC 


Logic Diagram 


CD40160B, CD40162B_ Clear is Synchronous for the CD40162B 


OF CLOCK a 


Te 


CLEAR u 
i) 
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TL/F/5986-2 


TL/F/5986~3 





Logic Waveforms 


CD40160B, ...CD40162B Decade Counters 


INg 


CD40161B,...CD40163B Binary Counters 


ENABLE Pape ee ENABLE P | | 
ENABLE T ., ..2.° = wre ENABLE aoe 
CLOCK rn CLOLOLPLryrn rm cLOck rm CLPLPLYLyr rn mn 


ee ee ee 


TL/F/5986~4 


Switching Time Waveforms 


ENABLE P 
ORT 


'SU ENABLE 


OUTPUT 


tpy,_ CLEAR FOR C0401608 AND CD40161B ONLY 
TL/F/5986-6 


TL/F/5986~-5 


Note 1: All input pulses are from generators having the following characteristics: t, = ty = 20ns, PRR < 1 MHz, duty cycle < 50%, Zoyt ~ 500. 


Note 2: All times are measured from 50% to 50%. 


Cascading Packages 


TL/F/S986-7 
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CD40174BM/CD40174BC/CD40175BM/CD40175BC 





National | 
Semiconductor 


CD40174BM/CD40174BC Hex D Flip-Flop 
CD40175BM/CD40175BC Quad D Flip-Flop 


General Description 


The CD40174B consists of six positive-edge triggered 
D-type flip-flops; the true outputs from each flip-flop are ex- 
ternally available. The CD40175B consists of four positive- 
edge triggered D-type flip-flops; both the true and comple- 
ment outputs from each flip-flop are externally available. 


All flip-flops are controlled by a common clock and a com- 
mon clear. Information at the D inputs meeting the set-up 
time requirements is transferred to the Q outputs on the 
positive-going edge of the clock pulse. The clearing opera- 
tion, enabled by‘a negative pulse at Clear input, clears all Q 
outputs to logical “0” and Qs (CD40175B only) to logical “1”. 


Connection Diagrams 


CD40174B 
Dual-In-Line Package 


05 Qs D4 Q4 CLOCK 
13 12 14 


14 
Fi 3) Gp aL LG ot 
CKO CICK OICK 
CLEAR ate CLEAR ie CLEAR \/ 
e @ ) 
Ee a ae 


e. C) 
CLEAR CLEAR 
CKO OCK 
4 1 ser 
2 


Of D2 Q2 


.) 
CLEAR 
OICK 
r D Q rT 


6 7 8 
DS 3g 
TL/F/5987-1 


Top View 


All inputs are protected from static discharge by diode 
clamps to Vpp and Vsg. . 


Features 

w Wide supply voltage range 

@ High noise immunity 

m@ Low power TTL 
compatibility 

w Equivalent to MC14174B, MC14175B 

m@ Equivalent to MM74C174, MM74C175 


3V to 15V 


0.45 Vpp (typ.) 
fan out of 2 driving 74L 


or 1 driving 74 LS 


CD40175B 
Dual-In-Line Package 


Q3 CLOCK 
Q Q \/ 
CLEARKAO 
D CLOCK 
) 


CLOCK D D CLOCK 
fan aap 
Q Q Q Q 
a a 
1 2 3 5 
CLEAR = Qt Qi D1 D2 Q2 


TL/F/5987-2 
Top View 


Order Number CD40174B* or CD40175B* 
*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 





cesee(f 
olf 


= High level 
= Low level 
= t[rrelevant 


s5-=-|e 
Bax |e 


= Transition from low to high level 


= No change 


= @ for CD40175B only 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


DC Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vij) —0.5V to Vpp +0.5Vpc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (Note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vn) 


Operating Temperature Range (Ta) 
CD40XXXBM 
CD40XXXBC 


3V t0 15 Voc 
OV to Vpp Voc 


—58°C to + 125°C 
— 40°C to + 85°C 


DC Electrical Characteristics cp401748m/cD40175BM (Note 2) 


Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 
Vpp = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


Low Level Output Voltage 


lol < 1 pA 
Vpp = 5V 

Vpp = 10V 
Vpp = 15V 


High Level Output Voltage 


Low Level Input Voltage 


Vpp = 5V, Vo = 0.5V or 4.5V 


Vop = 10V, Vo = 1V or 9V 


Vop = 15V, Vo = 
High Level Input Voltage 


1.5V or 13.5V 
Vop = 5V, Vo = 0.5V or 4.5V 


Vpp = 10V, Vo = 1Vor9V 


Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current 
(Note 3) 


Vpp = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vpp = 15V, Vo =.1.5V 


High Level Output Current | Vpp = 5V, Vo = 4.6V 
(Note 3) Vpop = 10V, Vo = 9.5V 


Vpp = 15V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Quiescent Device Current 


4.95 
9.95 
14.95 


<<<j<c<c<ci/<<< 


Be 0.88 


Vpp = 5V, Vin = Vpp or Vss 


Vpp = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 


operation. 
Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 
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CD40174BM/CD40174BC/CD40175BM/CD40175BC 


DC Electrical Characteristics cp401748c/cD401758C (Note 2) (Continued) 


Low Level Output Voltage | Vpp = 5V 
High Level Output Voltage 


Low Level Input Voltage {Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9gV 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage |Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpop = 15V, Vo = 1.5V or 13.5V 

Low Level Output Current | Vpp = 5V, Vo = 0.4V 

(Note 3) Vpp = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 

High Level! Output Current | Vpp = 5V, Vo = 4.6V 


(Note 3) Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 


Ta = 25°C, C, = 50 pF, Ri = 200k and t, = ts = 20 ns, unless otherwise specified 


Symbol |_eremeter__] Conditions | _in_{| typ {Mex 


tepHL tpLH Propagation Delay Time to a 
Logical 0” or Logical “1” from 
Clock to Q or Q (CD40175 Only) 


tpHL Propagation Delay Time toa 
Logical “0” from Clear to Q 


teLH Propagation Delay Time to a Logical 
“1” from Clear to Q (CD40175 Only) 


tsu Time Prior to Clock Pulse that 
Data must be Present 


Time after Clock Pulse that 
Data Must be Held 


trHL, tTLH Transition Time 


twH, twe Minimum Clock Pulse Width 
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Units 





AC Electrical Characteristics* 
Ta = 25°C, C, = 50 pF, Rt = 200k and t, = ts = 20 ns, unless otherwise specified (Continued) 


Minimum Clear Pulse Width 
Maximum Clock Rise Time 
Maximum Clock Fall Time 


Maximum Clock Frequency 


Input Capacitance Clear Input 10 15 
Other Input 5.0 7.5 
Power Dissipation Per Package (Note 4) P| 130 | a ee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual 
device operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 540/746 Family Characteristics application 
note, AN-90. 


9g8SZ10709/NESZ10b09/9a8rZL0rdd/NaPZlLOrdod 


Switching Time Waveforms 


TL/F/5987~—3 





t = te = 20ns 
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CD40192BM/CD40192BC/CD40193BM/CD40193BC 





National | 
Semiconductor 


CD40192BM/CD40192BC Synchronous 
4-Bit Up/Down Decade Counter 
CD40193BM/CD40193BC Synchronous 
4-Bit Up/Down Binary Counter 


General Description 


These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The CD40192BM and 
CD40192BC are BCD counters, while the CD40193BM and 
CD40193BC are binary counters. 


Counting up and counting down is performed by two count 
inputs, one being held high while the other is clocked. The 
outputs change on the positive-going transition of this clock. 
These counters feature preset inputs that are enabled when 
load is a logical “0” and a clear which forces all outputs to 
“O” when it is at logical “1”. The counters also have carry 
and borrow outputs so that they can be cascaded using no 
external circuitry. 


All inputs are protected against damage due to static dis- 
charge by clamps to Vpp and Vgs. 


Connection Diagram 


Dual-iIn-Line Package 
INPUTS 


DATA CLEAR BORROW CARRY LOAD 


OUTPUTS INPUTS 


DATA DATA 
c t] 


DATA = 4g Qa COUNT COUNT 4c Qp 
Samm ananainenanll DOWN up ere 
INPUT OUTPUTS OUTPUTS 


(tNPUTS 
TL/F/5988-1 
Top View 


Cascading Packages 


LOAD 


Features 

m@ Wide supply voltage range 
@ High noise immunity 

m Low power TTL compatibility 


3V to 15V 

0.45 Vpp (typ.) 

Fan out of 2 

driving 74L 

or 1 driving 74LS 

w@ Carry and borrow outputs for easy expansion to N-bit 
by cascading 

m Asynchronous clear 

m@ Equivalent to MM54C192/MM74C192 

and MM54C193/MM74C193 


Order Number CD40192B* or CD40193* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


DATA INPUTS 


TO NEXT 


OUTPUTS 


TL/F/5988-2 
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Absolute Maximum Ratings (notes 1 & 2) 
If Military/Aerospace specifled devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
DC Supply Voltage (Vpp) —0.5 to +18 Voc 
Input Voltage (Vin) —0.5 to Vop +0.5 Voc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD40192BM, CD40193BM 
CD40192BC, CD40193BC 


3to 15 Voc 
0 to Vop Voc 


— 55°C to + 125°C 
— 40°C to + 85°C 


DC Electrical Characteristics cp401928m/cb40193BM aeons 2) 


Conditions 


ee = 10V, Wn = VoporVss 


Vop = _15V, Vin = Vop or Vsg 


Vop = 5V 
Vpop = 10V 
Vpp = 15V 
Vop = 5V 
Vop = 10V 
Vpp = 15V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1V or 9V 
Vop = 15V, Vo = 1.5V or 13.5V 
Vpop = 5V, Vo = 0.4V 

Vpp = 10V, Vo = 0.5V 

Yop = = 15V, Vo" = 1.5V 





Ven = = 10V, ver = 9.5V 
“oo = = 15V, Vo = = 13.5V 


Quiescent Device 
Current 


Vop = 5V, Vin = Vpp or Vsg 


Vop = 10V, Vin = Vpp or Vsg 
Vop = 15V, Vin = Vpp or Vss 


Vpp = 5V 

Vpp = 10V 

Vop = 15V 

Vpp = 5V 

Vpp = 10V 

Vpp = 15V 

Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1VorgVv 


Vpp = 15V, Vo = 1.5V or 13.5V 


High Level 
Input Voltage 


Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vop = 18V, Vo = 1.5V or 13.5V 


Low Level Output 
Current (Note 3) 


Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 








+ 125°C 
Pa wT 


5 150 
10 300 
20 600 


0.05 


0.88 
2.25 





09&610'09/INEE6L0709/982610609/NEZ26L0P09 





CD40192BM/CD40192BC/CD40193BM/CD40193BC 


DC Electrical Characteristics cp401928c/cD40193BC (Note 2) (Continued) 


Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 
Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, R_ = 200 kQ, input t, = ts = 20 ns, unless otherwise specified. 


Symbol Parameter Conditions 


tpHL OF tpLH Propagation Delay Time Vpp = 5V 250 400 
from Count Up or Vpp = 10V 100 160 
Count Down to Q Vpop = 15V 80 130 


-tpHL Or tpLH Propagation Delay Time . Vpop = 5V 120 ~ 200 
from Count Up to Carry Vpp = 10V 50 80 
Vpp = 15V 40 65 


top. OF tpLy Propagation Delay Time Vop = 5V 120 200 | 
from Count Down Vop = 10V 80 
to Borrow Vop = 15V 65 


50 

40 
tsu Time Prior to Load Vpp = 5V 160 
That Data Must Vpp = 10V 50 
Be Present Vop = 15V 40 


tPHL Propagation Delay Time Vpp = 5V 130 220 
from Clear to Q Vpp = 10V 60 . 100 
Vpp = 15V 


teLH OF tpHL Propagation Delay Time Vpp = 5V 300 480 
from Load to Q ’ Vpp = 10V 120 190 


Vpp = 15V 150 

trey OF tTHL Output Transition Time Vop = 5V 100 200 
Vpp = 10V 50 - 100 

Vop = 15V 40 80 


for Maximum Count Frequency Vop = 5V 2.5 4 MHz 
Vpp = 10V 6 10 MHz 

Vpp = 15V 7.5 12.5 MHz 

tot Or tot Maximum Count Rise Vop = 5V 15 ps 
or Fall Time Vop = 10V 5 ps 

Vop = 15V 1 ps 


twH, tw Minimum Count Pulse ~ Vpp = 5V ns 
Width Vpp = 10V ns 
Vpop = 15V 


twH Minimum Clear Vop = 5V 
Pulse Width Vpp = 10V 
Vop = 15V 

twL Minimum Load Vop = 5V 
Pulse Width Vop = 10V 
Vop = 15V 


Average Input Capacitance’ Load and Data 
Inputs (A,B,C,D) 


Count Up, Count 
Down and Clear 


Cpp Power Dissipation Capacity (Note 4) SSS a ae 


*AC Parameters are guaranteed by DC correlated testing. ; 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of ‘Recommended Operating Conditions” and “Electrical! Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: loy and Io, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application note, 
AN-90. +? 
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Schematic Diagrams 
CD40192BM/CD40192BC Synchronous 4-Bit Up/Down Decade Counter 


Ain Q, 
O15 93 


D8€6)0P09/INEE6}0709/982610700/NE26L0rd9D 


TL/F/5988-3 


TL/F/5988-4 
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CD40192BM/CD40192BC/CD40193BM/CD40193BC 


Timing Diagrams 


CLEAR 


LOAD 
A 
B 
c 


it] 


UP 


Ox 


Op 
OUTPUTS 


Oc 


Op 


CARRY 


BORROW 


SEQUENCE 
ILLUSTRATED 


Op 


CARRY 


BORROW 


SEQUENCE 
ILLUSTRATED 


CD40192BM/CD40192BC ~ 





COUNT UP COUNT DOWN 


CLEAR PRESET 


Sequence: 

1. Clear outputs to zero. 

2. Load (preset) to BCD seven. 

3. Count up to eight, nine, carry, zero, one and two. 

4. Count down to one, zero, borrow, nine, eight and seven. 


CD40193BM/CD40193BC 














13 14 «15 0 


—  ———- 


COUNT UP 
CLEAR PRESET 


COUNT DOWN 


Sequence: 

1. Clear outputs to zero. 

2. Load (preset) to binary thirteen. 

3. Count up to fourteen, fifteen, carry, zero, one and two. 

4. Count down to one, zero, borrow, fifteen, fourteen and thirteen. 
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TL/F/5988-5 


TL/F/5988-6 





National 
Semiconductor 


CD4503BM/CD4503BC Hex 


Non-Inverting TRI-STATE® Buffer 


General Description 


The CD4503B is a hex non-inverting TRI-STATE buffer with 
high output current sink and source capability. TRI-STATE 
outputs make it useful in bus-oriented applications. Two 
separate disable inputs are provided. Buffers 1 through 4 
are controlled by the disable 4 input. Buffers 5 and 6 are 
controlled by the disable 2 input. A high level on either dis- 
able input will cause those gates on its control line to go into 
a high impedance state. 


Schematic and Connection Diagrams 


Vpp 


INn | 
"b OUTn 
DISABLE 
INPUT = 
TO Vv 
OTH = 


ER 
WAFERS 
TL/F/5989-1 


Truth Table 


Features 

m Wide supply voltage range 

m@ TRI-STATE outputs 

m= Symmetrical turn on/turn off delays 
= Symmetrical output rise and fall times ; 
m Pin-for-pin replacement for MM80C97 and MC14503 


3.0 Vpc to 18 Voc 


Dual-In-Line Package 


QUT, IN,  OUTg INz  OUTs. Vg 
TL/F/5989-2 


Top View 
Order Number CD4503B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Disable 
Input 





0 
1 
TRI-STATE 


X = Don't Care 
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Absolute Maximum Ratings (notes 1 and 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Recommended Operating 


Conditions (note 2) 


Supply Voltage (Vpp) +3V to +15V 


CD4503BM/CD4503BC 


Operating Temperature Range (Ta) 
CD4503BM 
CD4503BC 


Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vin) —0.5V to +0.5V 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-in-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


—55°C to + 125°C 
—40°C to + 85°C 


700 mW 
500 mW 


DC Electrical Characteristics cp4503Bm (Note 2) 


rameter | contin | 


Quiescent Device Vop = 5V, 
Current Vin = Vpp or Vss 
Vop = 10V, 
Vin = Vpp or Vss 
Vop = 15V, 
Vin = Vpp or Vss 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Vin = Vpp or 0 
Vop = 5V 
Vpp = 10V 
Vpp = 15V 


Vop = 5V, 

Vo = 4.5V or 0.5V 
Vop = 10V, 

Vo = 9.0V or 1.0V 
Vop = 15V, 

Vo = 13.5V or 1.5V 


Vop = 5V, 

Vo = 0.5V or 4.5V 
Vpp = 10V, 

Vo = 1.0V or 9.0V 
Vpp = 15V, 

Vo = 1.5V or 13.5V 


Vop = 4.5V, Vo. = 0.4V 
Vop = 5.0V, VoL = 0.4V 
Vpp = 10V, VoL = 0.5V 
Vpop = 15V, Vot = 1.5V 


Vop = 5V, Von = 4.6V — 1.02 
Vop = 10V, Voy = 9.5V — 2.60 
Vpp = 15V, Von = 13.5V —6.80 


TALSTATE Leakage Current|Vpp=15v_— | tt] 
Input Current Vop = 15V 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


| | +10] na 
| fsorf  fetonsfeor] [#10] na 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 


Note 3: lox and Io, are tested one output at a time. 
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DC Electrical Characteristics cp45038c (Note 2) 


Quiescent Device 
Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


TRI-STATE Leakage Current | Vpp = 15V ae 


Conditions 


Vop = 5V, 

Vin = Vpp or Vss 
Vpp = 10V, 

Vin = Vpp or Vss 
Vop = 15V, 

Vin = Vop or Vss 


Vpp = 5V, 

Vo = 4.5V or 0.5V 
Vop = 10V, 

Vo = 9.0V or 1.0V 
Vpp = 15V, 

Vo = 13.5V or 1.5V 


Vpp = 5V, 

Vo = 0.5V or 4.5V 
Vpp = 10V, 

Vo = 1.0V or 9.0V 
Vop = 15V, 

Vo = 1.5V or 13.5V 


Vop = 4-.5V, VoL = 0.4V 

Vop = 5.0V, VoL = 0.4V 

Vpp = 10V, Vo_ = 0.5V 

Vop = 15V, Vor = 1.5V 

Vop = 5V, Von = 4.6V 

Vop = 10V, Von = 9.5V : —2.2 
Vop = 15V, Von = 13.5V —6.0 


—1.76 —0.7 
—4.50 —-1.8 
—17.6 —4.8 


fzoa|_[st0-4}s0a] [#10 


JinputCurent —|Vop= sv | [tos] eto-s} 03] | +10 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 


operation. 


Note 2: Vsg = OV unless otherwise specified. 
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CD4503BM/CD4503BC 


AC Electrical Characteristics* cp4soss 
Ta = 25°C, CL = 50 pF, RL = 200 kO, Input t, = tr = 20 ns, unless otherwise specified 


tpHL: teLH Propagation Delay Time 


tpLz, tpHz Propagation Delay Time, 
Logical Level to High 
Impedance State 


tpzL, tpzH Propagation Delay Time, 
High Impedance State to 
Logical Level 


Output Rise Time 


Output Fall Time 


*AC Parameters are guaranteed by OC correlated testing. 


AC Test Circuits and Switching Time Waveforms 


tpHL tpLH CMOS to CMOS 


VIN Poy 


T C. = 50pF 


TL/F/5989-3 © 


TL/F/5989-4 


tpyz and tpzy tpiz and tpz. 


V 
INPUT 4 


1.0k 
INPUT OUTPUT 


DISABLE ilk 
TL/F/5989-5 


DISABLE 


TL/F/5989-6 
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AC Test Circuits and Switching Time Waveforms (Continued) 


tpuz tpLz 


Yop —————_—_—_—— Yop 


DISABLE DISABLE 
ov 


Vou Yop 
OUTPUT OUTPUT 
1 eee eee PR Yo 


TL/F/5989-7 TL/F/5989-8 


Vop Yop 


DISABLE DISABLE 
ov 


Von Yop 
OUTPUT OUTPUT 
ov 10% VoL 
TL/F/5989-9 TL/F/5989-10 
Note: Delays measured with input t,, tt < 20 ns. 
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CD4510BM/CD4510BC/CD4516BM/CD4516BC 


National | 
Semiconductor 


CD4510BM/CD4510BC BCD Up/Down Counter 
CD4516BM/CD4516BC Binary Up/Down Counter 


General Description 


The CD4510BM/CD4510BC and CD4516BM/CD4516BC 
are monolithic CMOS up/down counters which count in 
BCD and binary, respectively. 


The counters count up when the up/down input is at logical 
“1” and vice versa. A logical ‘‘1” preset enable signal al- 
lows information at the parallel inputs to preset the counters 
to any state synchronously with the clock. The counters are 
advanced one count at the positive-going edge of the clock 
if the carry in, preset enable, and reset inputs are at logical 
“0”. Advancement is inhibited when any of these three in- 
puts are at logical ‘1”. The carry out signal is normally at 
logical “1” state and goes to logical “0” when the counter 
reaches its maximum count in the “up” mode or its mini- 
mum count in the “down” mode, provided the carry input is 
at logical “0” state. The counters are cleared asynchro- 


Connection Diagram 


: Dual-In-Line Package 
PARALLEL INPUTS 
ere, 


Q3 P2 Q2  ~=UP/DOWN 


PRESET 4 P4 Pq CARRY at 


on ss 
EnAGIE PARALLELINeUTS = 'N 


CARRY 
OUT 


Top View 


Truth Table 


nously by applying a logical “1” voltage level at the reset 
input. 

All inputs are protected against static discharge by diode 
clamps to both Vpp and Vss. 


Features 

@ Wide supply voltage range 

@ High noise immunity 

m Low power TTL 
compatibility 

@ Parallel load “jam” inputs 

m@ Low quiescent power dissipation 


3.0V to 15V 


0.45 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 


0.25 »W/package 
(typ.) @ Voc = 5.0V 
® Motorola MC14510, MC14516 second source 


RESET 


Order Number CD4510B* or 
CD4516B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Vss 


TL/F/5990-1 


Preset | Carry Output 


x«Kx oOo XX Xx 


Reset to Zero 

Set to P1, P2, P3, P4 
Count Up 

Count Down Xx 
No Change 

No Change 


—~ = Positive Transition 
“\. = Negative Transition 
= Don’t Care 
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Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions (note 2) 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. DG Supply Voltage (Von) evi tey 
Input Voltage (Vin) OV to Vop 


DC Supply Voltage (Vpp) —0.5V to +18V : 
Operating Temperature Range 


Input Voltage (Vin) 0.5 10 Vp + 0.5V CD4510BM, CD4516BM —55°C to +125°C 
Storage Temperature Range (Ts) — 65°C to + 150°C CD4510BC, CD4516BC —40°C to + 85°C 
- Power Dissipation (Pp) 
Dual-In-Line 700 mW 
Small Outline 500 mW 


Lead Temp. (T,) (Soldering, 10 sec.) 260°C 


DC Electrical Characteristics cp45108M/cD4516BM (Note 2) 


Quiescent Device Current Vpp = 5V, Vin = Vop or Vss . <i 150 
Vpp = 10V, Vin = Vpp or Vsg 7 300 
Vop = 15V, Vin = Vpp or Vss * ‘5 20 600 


Low Level Output Voltage = =0V, 
: 0.05 0.05 
: 0.05 0.05 
. 0.05 0.05 


High Level Output Voltage 


J891-S709/N891SP09/980lS709/NE0LSPad 


495 | 5 
995 | 10 
14.95] 15 


Low Level Input Voltage 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 


Vpp = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage | 
Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Viq = Vpp, Vit = OV 

(Note 3) Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current | Viq = Vpp, Vic= OV 

(Note 3) Vpp = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


Low Level Output Voltage | Viy=Vopp, Vi_=OV, llol<1 pA 


Vop = 5V 
Vop = 10V 
Vop = 15V 


High Level Output Voltage | Viy=Vpp, Vic=OV, llol<1 pA 
Vop = 5V 
Vpp = 10V 
Vop = 15V 
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CD4510BM/CD4510BC/CD4516BM/CD4516BC 


DC Electrical Characteristics cp451080/cD45168C (Note 2) (Continued) 


Low Level Input Voltage | |Io/<1 pA 
Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1V or 9V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage | |Iol<1pA 
Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current | Vin = Vpp, Vit = OV 

(Note 3) Vpp = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 


Vop = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 
Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The table of “Recommended Operating Conditions” and “Electrical Characteristics” provides conditions for actual device 


operation. : \ 
Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and lo, are tested one output at a time. 


Switching Time Waveforms 


SOL tte 
10% 


9 
Vss 10% 


Yoo 
JAM 
tNPUT 
Vss 


Yoo 
UP/DOWN 


QouTPUT 
Vss 
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, , 
op i0% ee : 4 : 
ib . 50% 
k tREMOVAL 
t 
reset on “oO 70% 7% : 
PRESET 50% 50% 
ENABLE Vs 2% 10% 


TL/F/5990~2 





AC Electrical Characteristics* cp45108m/cD4510BC, CD4516BM/CD4516BC 
Ta = 26°C, C_ = 50 pF, RL = 200k, trcL = tic. = ty = tf = 20 ns, unless otherwise specified 


Symbol Conditions | Min | tye | Max | Units 


CLOCKED OPERATION 


tpH, tpLH Propagation Delay Time 
Clock to Q Outputs 


tPHL, tPLH Propagation Delay Time 
Clock to Carry Output 


trot tTLH Transition Time Q 
and Carry Outputs 


tw twH Minimum Clock Pulse Width 


J9891-S7G0/WNE91S7090/980!1S'GD/Nd0LSPdd 


trou: tick Maximum Clock Rise 
and Fall Time 


tsu Minimum Carry In Setup Time 


tsu Minimum Up/Down Setup Time 


fot Maximum Clock Frequency 


onan aaa 


Cin Input Capacitance Any Input 


Cpp Power Dissipation Capacitance Per Package 
(Note 4) 


RESET/PRESET ENABLE OPERATION 


teHL, tPLH Propagation Delay Time Reset/ 
Preset Enable to Q Output 


tepHL, tpLH Propagation Delay Time Reset/ 
Preset Enable to Carry Output 


Minimum Reset/Preset Enable 
Pulse Width 


Minimum Reset/Preset Enable 
Removal Time 


CARRY INPUT OPERATION 


tpHL tpLH Propagation Delay Time Carry 
{In to Carry Output 





*AC Parameters are guaranteed by DC correlated testing. 


Note 4: Dynamic power dissipation (Pp) is given by: Pp = (Cpp + C1) Vpp2f+Pa; where C_ = load capacitance; f = frequency of operation; Pq = Quiescent 
Power Dissipation. For further details, see application note AN-90, “54C/74C Family characteristics”. 
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CD4510BM/CD4510BC/CD4516BM/CD4516BC 


Cascading Packages 


Parallel Clocking 


UP/DOWN 


PRESET 


ENAGLE PARALLEL INPUTS PARALLEL INPUTS 


tree —— 
Pi =P2 «P33 OPA U/D PE PI P2 P3 Pa 


TO NEXT 


co STAGE 


co © OF Ct 
R CLK Q1 Q2 Q3 4a R CLK Q1 Q2 Q3 04 


eee Spee 
OUTPUTS 


TL/F/5990-3 


Ripple Clocking 
UP/DOWN 
PRESET 


ENABLE PARALLEL INPUTS 


| 


TO NEXT 
STAGE 


gi a2 a3 a4 


TL/F/5990-4 
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Schematic Diagrams 


agri 9 9 2 TOGGLE LOGIC (TL) 


| 
an: 
tote 
We 


TL/F/5990-5 


TOGGLE LOGIC (TL) 


rh 
(ees 





TL/F/5990-6 
*Flip-flop toggles at the positive-going edge of clock (C) if Toggle Enable (TE) is at logical ‘1” and Preset Enable (PE) is at logical “0” 


FIGURE 2. CD4516 
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9891.S709/N891LSP'09/D801SPd9/NE0LSPad 


CD4510BM/CD4510BC/CD4516BM/CD4516BC 


Logic Waveforms 


CD4510BM/CD4510BC 









































CLOCK 


CARRY IN 


UP/DOWN 


RESET 








PRESET 
ENABLE 


a 
























































CARRY OUT 
COUNT 5 











TL/F/5990-8 
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National — 
Semiconductor 


CD4511BM/CD4511BC BCD-to-7 Segment 


Latch/Decoder/Driver 


General Description 


The CD4511BM/CD4511BC BCD-to-seven segment latch/ 
decoder/driver is constructed with complementary MOS 
(CMOS) enhancement mode devices and NPN bipolar out- 
put drivers in a single monolithic structure. The circuit pro- 
vides the functions of a 4-bit storage latch, an 8421 BCD-to- 
seven segment decoder, and an output drive capability. 
Lamp test (LT), blanking (Bl), and latch enable (LE) inputs 
are used to test the display, to turn-off or pulse modulate 
the brightness of the display, and to store a BCD code, 
respectively. It can be used with seven-segment light emit- 
ting diodes (LED), incandescent, fluorescent, gas discharge, 
or liquid crystal readouts either directly or indirectly. 


Applications include instrument (e.g., counter, DVM, etc.) 
display driver, computer/calculator display driver, cockpit 
display driver, and various clock, watch, and timer uses. 


Connection Diagram 


Dual-In-Line Package 


TL/F/5991~1 
Top View 


Order Number CD4511B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Segment Identification 
a 


1 a 


Pa 


TL/F/5991-3 


Features 

@ Low logic circuit power dissipation 

g High current sourcing outputs (up to 25 mA) 

@ Latch storage of code 

@ Blanking input 

Lamp test provision 

m@ Readout blanking on all illegal input combinations 
m@ Lamp intensity modulation capability 

mg Time share (multiplexing) facility 

@ Equivalent to Motorola MC14511 


Truth Table 

| sinputs——— || (utputs 

LE|Bi|LT|D CB Ala b c d e f g| Display! 
B 


Oo 


OOnNOORONM =O 


fg 
11 
0 0 
1 0 
0 0 
Oo 1 
Oo 1 
11 
11 
1 1 
0 0 
11 
11 
0 0 
0 0 
0 0 
0 0 
0 0 
00 


ooooocoossa40 04242442302 /5 
CoocCdCOOHn4a4444 Om 4 O=A10 
ooo0o0o0o0o-o-?0o00+020+-/0 


KxA=H 3 20000-2-=40000xXx/0 
COCDCCDOOHW]=40-0==0-0-]m 


x+O-0-0-0-0=0-0+0KX/> 
eooaoo0ooo-o0o+-+0-+0+0/a 


X 
X 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


ee a ee ee ee ae Ce nn nO a Bib 
mth he keh eh ok 





X = Don't Care 
*Depends upon the BCD code applied during the 0 to 1 transition of LE. 


Display 


eV FAS |b) AF 


TL/F/5991-2 
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CD4511BM/CD4511BC 


Storage Temperature Range (Ts) 


Absolute Maximum Ratings (Notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
DC Supply Voltage (Vpp) —0.5V to + 18V 
Input Voltage (Vin) —0.5V to Vpp +0.5V 
—65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Smail Outline 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 
DC Electrical Characteristics cp45118m 


Conditions 


Quiescent 
Supply Current 


Vop = 5V, Vin = Vop or Vss 
Vpp = 10V, Vin = Vpp or Vsg 
Vop = 15V, Vin = Vpp or Vss 
Output Voltage | Vpp = 5V 

Logical ‘‘0” 

Level 

Output Voltage | Vpp = 5V 

Logical “1” 

Level 


Low Level 
Input Voltage 


Vpp = 5V, Vout = 3.8V or 0.5V 
Vop = 10V, Vout = 8.8V or 1.0V 
Vpp = 15V, Vout = 13.8V or 1.5V 


Vpp = 5V, Vout = 0.5V or 3.8V 
Vpp = 10V, Vout = 1.0V or 8.8V 
Vpp = 15V, Vout = 1.5V or 13.8V 


Vpp = 5V, lon = OmA 
Vop = 5V, lon = SMA 
Vop = 5V, lon = 10 mA 
Vop = 5V, lon = 15 mA | 
Vop = 5V, lon = 20 mA 
Vpp = 5V, lon = 25 mA 


Vop = 10V, lon = OMA 
Vop = 10V, lon = 5mMA 
Vop = 10V, loy = 10mA 
Vpp = 10V, log = 15mA 
Vop = 10V, loy = 20 mA 
Vpp = 10V, loy = 25 mA 


Vpp = 15V, low = OMA 
Vop = 16V, lon = 5mA 
Vop = 18V, low = 10mA 
Vop = 15V, lon = 15mA 
Vpp = 15V,loy = 20 mA 
Vop = 15V, low = 25 mA 
Vpp = 5V, VoL = 0.4V 
Vop = 10V, Vo, = 0.5V 
Vop = 15V, Vo_ = 1.5V 


High Level 
Input Voltage 


Output 
(Source) Drive 
Voltage 


Low Level 
Output Current 


Recommended Operating 


Conditions (Note 2) . 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4510BM, CD4516BM 
CD4510BC, CD4516BC 


3V to 15V 
OV to Vop 


— 55°C to + 125°C 
—40°C to + 85°C 


i [we [a 


150 
ic 00 
600 

0.01 

0.01 

0.01 


4,57 
9.58 
14.59 


0.51 0.88 0.36 

1.3 ny 0.9 

. 2.4 
—10-5 | —0. | ey 0 
10-5 0.10 


tin Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: Devices should not be connected with power on. 





DC Electrical Characteristics cp45118c 


Symbol Conditions 


Quiescent 
Supply Current 


Output Voltage | Vpp = 5V 
Logical “0” 
Level 


Output Voltage | Vpp = 5V 
Logical ‘*1” 
Level 


Low Level Vop = 5V, Vout = 3.8V or 0.5V 
Input Voltage | Vpp = 10V, Vout = 8.8V or 1.0V 
Vop = 15V, Vout = 13.8V or 1.5V 


High Level Vpp = 5V, Vout = 0.5V or 3.8V 
Input Voltage | Vpp = 10V, Vout = 1.0V or 8.8V 
Vop = 15V, Vout = 1.5V or 13.8V 


Output Vop = 5V, lon = OMA 

(Source) Drive | Vpp = 5V, lon = 5MA 

Voltage Vop = 5V, lon = 10mA 
Vop = 5V, lon = 15mA 
Vop = 5V, lon = 20 mA 
Vop = 5V, lon = 25 mA 


Vop = 10V, lon = OMA 
Vop = 10V, loy = 5mA 


Vpp = 10V, lon = 10mA 
Vop = 10V, lon = 15mA 
Vpp = 10V, loy = 20 mA 
Vop = 10V, lon = 25mA 


Vop = 15V, lon = OMA 
Vop = 15V, loy = 5mA 
Vop = 15V, lon = 10mA 
Vop = 15V, lon = 15mA 
Vop = 15V, lon = 20 mA 
Vop = 15V, lon = 25 mA 
Low Level Vop = 5V, Vor = 0.4V 


Output Current | Vpp = 10V, Vo, = 0.5V 
Vop = 15V, Vor = 1.5V 


IIn Input Current | Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 
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—0.30 —0.30 
0.30 0.30 


JE bS’dd/WNElItS?do 


+ 
< 
G 
op h 
oo9o 
ot 
—_ 


Poo eo°o 
oom ee:e 


POs 
oom 


eoefens 


14.1 


13.75 


13.1 12.8 





0.44 0.88 0.36 
1.4 2.25 0.9 
3.0 8.8 2.4 

—1.0 
1.0 





CD4511BM/CD4511BC 


AC Electrical Characteristics* 
Ta = 25°C and C, = 50 pF, typical temperature coefficient for all values of Vpp = 0. 3% /°C 


Symbol Parameter COiieX 


Input Capacitance 


Output Rise Time 
(Figure 1a) 


Output Fall Time 
(Figure 1a) 


N 
on 


Turn-Off Delay Time 
(Data) (Figure 1a) 


Turn-On Delay Time 
(Data) (Figure 71a) 


Turn-Off Delay Time 
(Blank) (Figure 1a) 


aoe 
100 
313 
ei 


ad 
: i 
= 
Turn-On Delay Time 
(Blank) (Figure 1a) 
ies 
Turn-Off Delay Time 
(Lamp Test) (Figure 1a) 


Turn-On Delay Time 
(Lamp Test) (Figure 1a) 


Setup Time 
(Figure 1b) 


Hold Time 
(Figure 1b) 





Minimum Latch Enable 
Pulse Width (Figure 1c) 


*AC Parameters are guaranteed by DC correlated testing. 
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Switching Time Waveforms 


(a) Yoo 


ov 


JE -SPdd/WELLStdod 


DATA INPUT 


: FOR SETUP 
() cana 
OUTPUT ; 4 
4 FOR HOLD 


OV ES SUD GED GD id Gm wee aan GD GD 


20 ns 


LE 
(STROBED) 


PWie 


FIGURE 1 


TL/F/5991~4 


Typical Applications 


Light Emitting Diode (LED) Readout 
Yop Vop 


COMMON 


COMMON ANODE LEO 


CATHODE LED 





TL/F/5991-6 
TL/F/5991-5 
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CD4511BM/CD4511BC 


Typical Applications (Continued) 


Gas Discharge Readout 


Liquid Crystal (LC) Readout 


Voo APPROPRIATE Vop EXCITATION 


VOLTAGE 


Incandescent Readout 
Yoo 


(SQUARE WAVE, 
Vss TO Von) 


MM74C86 


= Vss 
TL/F/5991-7 TL/F/5991-8 


Direct DC drive of LC’s not recommended for life of LC readouts. 


Fluorescent Readout 
Yoo 


. DIRECT 
(LOW BRIGHTNESS) 


TL/F/5991-9 Vgg OR APPROPRIATE 
VOLTAGE BELOW Vg 


**A filament pre-warm resistor is recommended to 
reduce filament thermal shock and increase the ef- £ TL/F/5991-10 


fective cold resistance of the filament. 
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National | 
Semiconductor 


CD4512BM/CD4512BC 8-Channel Buffered Data Selector 


General Description 


The CD4512BM/CD4512BC buffered 8-channel data selec- 
tor is a complementary MOS (CMOS) circuit constructed 
with N- and P-channel enhancement mode transistors. This 
data selector is primarily used as a digital signal multiplexer 
selecting 1 of 8 inputs and routing the signal to a TRI- 
STATE® output. A high level at the Inhibit input forces a low 
level at the output. A high level at the Output Enable (OE) 
input forces the output into the TRI-STATE condition. Low 
levels at both the Inhibit and (OE) inputs allow normal oper- 
ation. 


Connection Diagram and Truth Table 


Dual-In-Line Package 


ADDRESS INPUTS 


Features 

Wide supply voltage range 

m@ High noise immunity 

@ TRI-STATE output 

mw Low quiescent power dissipation 


3.0V to 15V 
0.45 Vpp (typ.) 


0.25 pW/package 
(typ.) @ Voc = 5.0V 
m Plug-in replacement for Motorola MC14512 


A INHIBIT 


X3 x4 


Top View 


Address Inputs 


sonnsceenefa 


® = Don't care 
Hi-Z = TRI-STATE condition 
Xn = Data at input n 





Order Number CD4512B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Vss 
TL/F/5993-1 


| _Controtinputs_— | Output 
| A | intuit | OE | 

0 X0 

0 

1 

0 

1 

0 

1 

O 

®O 


er oooooeoceeo70cnc$°e 


0 
0 
0 
0 
0 
0 
0 
0 
1 

oO 
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CD4512BM/CD4512BC 


Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Recommended Operating 
Conditions (note 2) 


Distributors for availability 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature, (T,) 
(Soldering, 10 seconds) 


DC Supply Voltage (Vpp) 


and specifications. 
Input Voltage (Vin) 


—0.5 to +18 Vpc 
~0.5 to Vpp + 0.5 Voc 
—65°C to + 150°C 


CD4512BM 
CD4512BC 


700 mW 
500 mw 


260°C 


Operating Temperature Range (Ta) 


3.0 to 15 Voc 
0 to Vpp Voc 


—55°C to + 125°C 
—40°C to +85°C 


DC Electrical Characteristics cp45128M (Note 2) 


Quiescent Device | Vop = 5V, Vin = Vpp or Vss 
Current Vop = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 
Vop = 5V 

Vop = 10V ¢ lloL| <1pA 
Vop = 15V 

Vop = 5V 

Vop = 10V lou! < 1 pA 
Vop = 15V 

Vpp = 5V, Vo = 0.5V 

Vpp = 10V, Vo = 1.0V 

Vop = 15V, Vo = 1.5V 

Vpp = 5V, Vo = 4.5V 

Vop = 10V, Vo = 9.0V 

Vop = 15V, Vo = 13.5V 
Vop = 5V, Vo = 0.4V 

Vpop = 10V, Vo = 0.5V 

Vop = 15V, Vo = 1.5V 

Vpp = 5V, Vo = 4.6V 

Vop = 10V, Vo = 9.5V 

Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 

TRI-STATE Vop = 15V, Vo = OV 

Output Current Vop = 15V, Vo = 16V 


Quiescent Device 
Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


Conditions 


Vpop = 5V, Vin = Vpp or Vss 
Vop = 
Vpp = 15V, 
Vpp = 5V 
Vop = 10V llou| < 4 pA 
Vpop = 15V 

Vop = 5V 
Vop = 10V -¢ [lon] <1 pA 
Vop = 15V 
Vop = 5V, Vo = 0.5V 
Vop = 10V, Vo = 1.0V 
Vop = 15V, Vo = 1.5V 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


+125°C 


| 55°C 
| Min | Max | min | typ | Max | 


Bn 20 


0.010 
0.015 
0.05 
0.05 


150 


10V, Vin = Vpp or Vss 
Vin = Vpp or Vss 


<<<|/<<<j<<< 
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DC Electrical Characteristics cp45128¢ (Note 2) (Continued) 


High Level Vop = 5V, Vo = 4.5V 
Input Voltage Vpop = 10V, Vo = 9.0V 
Vpp = 15V, Vo = 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current Vpop = 10V, Vo = 0.5V 
(Note 3) Vop = 15V, Vo = 1.5V 


High Level Output | Vop = 5V, Vo = 4.6V 
Current Vpp = 10V, Vo = 9.5 
(Note 3) Vpp = 15V, Vo = 13.5V 


Input Current Vpop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


TRI-STATE Vop = 15V, Vo = OV 
Output Current Vop = 15V, Vo = 15V 


|min | typ | Max | min | typ | Max_| 
225 


Propagation Delay 
High-to-Low Level 175 
130 


Propagation Delay 500 
Low-to-High Level 175 
130 


tHe tTLH Transition Time 200 
100 
80 


tpyz, tpiz Propagation Delay into 125 
TRI-STATE from Logic Level 75 
60 


J82LSvdd/WaslSPrdd 


tp2H, tpzL Propagation Delay to Logic 
Level from TRI-STATE 75 
60 


Input Capacitance peewee Pe 
TRI-STATE Output (Note 4) 

Capacitance 

Power Dissipation Capacity (Note 5) ease 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 

Note 3: lox and lo, are tested one output at a time. 

Note 4: Capacitance guaranteed by periodic testing. 

Note 5: Cpp determines the no load AC power of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application Note, AN-90. 
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CD4512BM/CD4512BC 


Logic Diagram 


45 
q 


15 
O DISABLE 


1 
O INHIBIT 


OUTPUT 


2 
ee eagee 
GATE 


Typical Application 


Serial Data Routing Interface 


ADDRESS 
8 SERIAL BUS 
INPUTS 


CD4512 SC/MP It 
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DATA BUS 


Vss 


5 


TL/F/5993-3 


— ee OUTPUT 


TL/F/5993-2 





AC Test Circuit and Switching Time Waveforms 
Yop 


OUTPUT 
(TESTS 1 AND 2) 


PULSE 
GENERATOR 


> Ww HN 


OUTPUT 
(TEST 3) 


x «KK Me KKK I BS YP 
a = 


TL/F/5993-4 


Input Connections for t,, ty, tpLy, tpHL 


[est | innibit | A_| xo | 





1 PG | GND] Vpp 
2 GND | PG | Vpp 
3 GND | GND} PG 


TRI-STATE AC Test Circuit and Switching Time Waveforms 


Yop Vop 


PULSE 
GENERATOR 


DISABLE 
INPUT 


OUTPUT 


OUTPUT 


TL/F/5993~-6 


Switch Positions for TRI-STATE Test 


Open | Closed | Closed} Open 
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TL/F/5993-5 


TL/F/5993-7 
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CD4514BM/CD4514BC/CD4515BM/CD4515BC 


National - 
Semiconductor 


CD4514BM/CD4514BC, CD4515BM/CD4515BC 
4-Bit Latched/4-to-16 Line Decoders 


General Description 


The CD4514B and CD4515B are 4-to-16 line decoders with 
latched inputs implemented with complementary MOS 
(CMOS) circuits constructed with N- and P-channel en- 
hancement mode transistors. These circuits are primarily 
used in decoding applications where low power dissipation 
and/or high noise immunity is required. 


The CD4514B (output active high option) presents a logical 
“1” at the selected output, whereas the CD4515B presents 
a logical “0” at the selected output. The input latches are 
R-S type flip-flops, which hold the last input data presented 
prior to the strobe transition from ‘‘1” to “0”. This input data 
is decoded and the corresponding output is activated. An 
output inhibit tine is also available. 


Logic and Connection Diagrams 





1 
STROBE O 


23 
INHIBIT © 


Dual-In-Line Package 
Vob INHIBIT IND INC S10 St? $8 $9 Si4 S15 Siz $13 


Ss REETELE 
aed 
i 4-10-16 DECODER 
= 


¥ po 





3 4 § § 7 8 8 10 


STROBEINA INB S? S86 S& S& $3 S81 $2 


Features 
m Wide supply voltage range 
@ High noise immunity 
m Low power TTL 
compatibility 
m Low quiescent power dissipation 


m Single supply operation 


3.0V to 15V 


0.45 Vpp (typ.) 


fan out of 2 
driving 74L 


0.025 pW/package 


@ Input impedance = 10122 typically 
w Plug-in replacement for MC14514, MC14515 


CO4515B ONLY 
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Order Number CD4514B* or CD4515B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5994-2 | 


Top View 
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Absolute Maximum Ratings (notes 1 and 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 

Lead Temperature (T,) 
(Soldering, 10 seconds) 


—0.5V to +18V 
—0.5V to Vpp + 0.5V 
—65°C to + 150°C 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4514BM, CD4515BM 
CD4514BC, CD4515BC 


3V to 15V 
OV to Vop 


— 55°C to + 125°C 
— 40°C to + 85°C 


DC Electrical Characteristics cp45148m, cb4515BM eerie 2) 


Quiescent Device 
Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


High Level Output 
Current (Note 3) 


Input Current 


Vpp = 5V, Vin = Vpp or Vss 
Vpp = 10V, Vin = Vop or Vss 
Vpp = 15V, Vin = Vpp or Vss 


Vin = Vop. Ilol < 1 #A 
Vop = 5V, Vit = OV 
Vop = 10V 

Vpp = 15V 


Vin = Vpp. Ilol < 1 pA 
Vop = 5V, Vir = OV 
Vpop = 10V 

Vop = 15V 


Vo = 0.5V or 4.5V 

Vop = 5V, |lol < 1 pA 

Vpop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vo = 0.5V or 4.5V 

Vop = 5V, |lol < 1 pA 

Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 16V, Vo = 1.5V 
Vpp = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 
Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


+ 125°C 


ae [| 


0.005 


10 
20 


0.010 
0.015 


150 
300 
600 


0.05 
0.05 
0.05 


0.05 
0.05 
0.05 


4.95 
9.95 
14.95 


4.95 
9.95 
14.95 


2.25 
4.50 
6.75 


3.5 3.5 2.75 
5.50 


8.25 


0.88 . 
2.25 
8.80 


—0.88 
—2.25 
—8.80 


11.0 11.0 


0.64 0.51 
1.6 1.3 
4.2 3.4 

—0.64 —0.51 

—1.6 

—4.2 


0.36 
0.90 
2.40 


—0.36 
0.90 
—2.40 


1.3 
-3.4 


—10~5 —1.0 
10-5 rh 1.0 


DC Electrical Characteristics cp45148c, cb4515BC (Note 2) 


Quiescent Device 
Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Conditions 


Vpp = 5V, Vin = Vpp or Vss 


OV, ViH = Vop; 
lee <1pA 

Vop = 5V 

Vop = 10V 

Vpp = 15V 

Vit = OV, ViH = Vpp; 
liol < <1pA 

Vop = 5V 

Vpp = 10V 

Vpp = 15V 


Vpp = 10V, Vin = Vpp or Vss 
Vop = 15V, Vin = Vpp or Vss 


+ 25°C 


a ee 
mya] Tle) 


0.005 
0.010 
0.015 


0.05 
0.05 
0.05 
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CD4514BM/CD4514BC/CD4515BM/CD4515BC 


DC Electrical Characteristics cp45148¢, cb4515Bc (Note 2) (Continued) 


Parameter 


Low Level lo] <1 pA 

Input Voltage Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 18V, Vo = 1.5V or 13.5V 

High Level lol < 1 pA 

Input Voltage Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 
Noor = 15V, Vo = 1.5V 


veo= = 10V, vee = 9.5V 
Yop = = 15V, vor = 13.5V 


AC Electrical Characteristics* 
All types C, = 50 pF, Ta = 25°C, t, = ts = 20 ns unless otherwise specified 


tTHL, tTLH Transition Times 
tpt, tpHL Propagation Delay Times 


tpLH: tPHL Inhibit Propagation 
Delay Times 


Setup Time 


Strobe Pulse Width 


Power Dissipation Capacitance Per Package (Note 5) a ee ee 
Input Capacitance Any Input (Note 4) a ee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The tables of ‘Recommended Operating Conditions” and “Electrical Characteris- 
tics” provide conditions for actual device operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 
Note 4: Capacitance is guaranteed by periodic testing. 


Note 5: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C and 74C Family Characteristics application 
note, AN-90. 
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Truth Table 
Decode Truth Table (Strobe = 1) 


Data Inputs Selected Output 


CD4514 = Logic “1” 
CD4515 = Logic “0” 


SO 
S1 
$2 
$3 


S4 
$5 
$6 
S7 


$8 
Sg 
$10 
$11 


$12 
$13 
$14 
S15 


All Outputs = 0,CD4514 
All Outputs = 1,CD4515 


08S1S'09/N8S1S'090/9a8blS'dd/WablSsraod 


-feoefoeeleeeeeee] BE 


X = Don't Care 


AC Test Circuit and Switching Time Waveforms 


Yoo 


O OUTPUT SO 
© OUTPUT S1 


PROGRAMMABLE 
PULS 
GENERATOR 





TL/F/5994-4 





© OUTPUT S15 


TL/F/5994-3 
FIGURE 1 
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CD4514BM/CD4514BC/CD4515BM/CD4515BC 


Applications 


Two CD4512 8-channe! data selectors are used here with 
the CD4514B 4-bit latch/decoder to effect a complex data 
routing system. A total of 16 inputs from data registers are 
selected and transferred via a TRI-STATE® data bus to a 
data distributor for rearrangement and entry into 16 output 
registers. In this way sequential data can be re-routed or 
intermixed according to patterns determined by data select 
and distribution inputs. 


Data is placed into the routing scheme via the 8 inputs on 
both CD4512 data selectors. One register is assigned to 
each input. The signals on AO, A1 and A2 choose 1-of-8 
inputs for transfer out to the TRI-STATE data bus. A fourth 
signal, labelled Dis, disables one of the CD4512 selectors, 
assuring transfer of data from only one register. 


In addition to a choice of input registers, 1-16, the rate of 
transfer of the sequential information can also be varied. 
That is, if the CD4512 were addressed at a rate that is 


INPUT 


REGISTERS DATA 


TRANSFER 
O 


REGISTER 1 


C04512 


REGISTER 8 


DATA 
SELECT 


REGISTER 9 


C04512 
4 


REGISTER 16 


8 times faster than the shift frequency of the input registers, 
the most significant bit (MSB) from each register could be 
selected for transfer to the data bus. Therefore, all of the 
most significant bits from all of the registers can be trans- 
ferred to the data bus before the next most significant bit is 
presented for transfer by the input registers. 


Information from the TRI-STATE bus is redistributed by the 
CD4514B 4-bit latch/decoder. Using the 4-bit address, 
INA-IND, the information on the inhibit line can be trans- 
ferred to the addressed output line to the desired output 
registers, A-P. This distribution of data bits to the output 
registers can be made in many complex patterns. For exam- 
ple, all of the most significant bits from the input registers 
can be routed into output register A, all of the next most 
significant bits into register B, etc. In this way horizontal, 
vertical, or other methods of data slicing can be implement- 
ed. 


DATA 
DISTRIBUTION 


OUTPUT 
REGISTERS 
Sn 


TRI-STATE 
DATA BUS a 
O Odd dQ 


A Bc OD 


INPUTS 5 REGISTER A 


$2 
$3 
S4 
$5 


STROBE 


CD4514B 


REGISTER P 


TL/F/5994-5 
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National _ 
Semiconductor 


CD4518BM/CD4518BC, CD4520BM/CD4520BC 
Dual Synchronous Up Counters 


General Description 


The CD4518BM/CD4518BC dual BCD counter and the 
CD4520BM/CD4520BC dual binary counter are implement- 
ed with complementary MOS (CMOS) circuits constructed 
with N- and P-channel enhancement mode transistors. 


Each counter consists of two identical, independent, syn- 
chronous, 4-stage counters. The counter stages are toggle 
flip-flops which increment on either the positive-edge of 
CLOCK or negative-edge of ENABLE, simplifying cascading 
of multiple stages. Each counter can be asynchronously 


Truth Table 


X = Don’t Care 


Connection Diagram 


Dual-In-Line and Flat Package 
a4 a3 a2 ai 


CLOCK ENABLE Qi 


Top View 


cleared by a high level on the RESET line. All inputs are 
protected against static discharge by diode clamps to both 
Vop and Vss. 


Features 

m@ Wide supply voltage range 

@ High noise immunity 

m Low power TTL fan out of 2 driving 74L 
compatibility or 1 driving 74LS 

m@ 6 MHz counting rate (typ.) at Vpp = 10V 


3.0V to 15V 
0.45 Vpp (typ.) 


Increment Counter 
Increment Counter 
No Change 

No Change 

No Change 

No Change 

Q1 thruQ4 = 0 


ENABLE CLOCK 


Order Number CD4518B* or 
CD4520B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5995-1 
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CD4518BM/CD4518BC/CD4520BM/CD4520BC 


Absolute Maximum Ratings (notes 1 4 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallability and specifications. 


Recommended Operating 
Conditons (note 2) 


Supply Voltage (Vpp) 3V to 15V 


Supply Voltage (Vpp) 

Input Voltage (Vin) 

Storage Temperature Range (Ts) 

Power Dissipation (Pp) 
Dual-in-Line 
Small Outline 

Lead Temperature (T,) 
(Soldering, 10 seconds) 


—0.5V to + 18V 
—0.5V to Vpp + 0.5V 
—65°C to + 150°C - 


700 mW 
500 mW 


260°C 


Input Voltage (Vin) 
Operating Temperature Range (Ta) 


CD4518BM, CD4520BM 
CD4518BC, CD4520BC 


DC Electrical Characteristics cp45188m/cp45208M alata 2) 


| Parameter 


ees Device Current as = 5V 
Vop = 10V 
Vpop = 15V 


Low Level Output Voltage 


High Level Output Voltage 


Low Level Input Voltage 


High Level Input Voltage 


Low Level Output Current 


(Note 3) 


High Level Output Current 
(Note 3) 


Input Current 


| Parameter 


ee Device Current 


Low Level Output Voltage 


High Level Output Voltage 


| Conaitons 


Ilo] <1 2A, Vin=Vpp, Vi_=OV 
Vop = 5V 

Vpp = 10V 

Vop = 15V 

Ilo <1HA, ViH=Vop; ViL= OV 
Vpp = 5V_. 

Vpp = 10V 

Vop = 15V 


lg] <1 pA 

Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1V or 9V 
Vop = 15V, Vo = 1.5V or 13.5V 
llol<1p.A 

Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1Vor9V 
Vpop = 15V, Vo = 1.5V or 13.5V 


Vin = Vpp: Vit = OV 
Vop = 5V, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vpop = 15V, Vo = 1.5V 


ViH = Vop: Vit= OV 
Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Vop = 5V 

Vpp = 10V 

Vpp = 15V 

llol<1pA, Vin=Vpp: aa 
Vop = 5V 

Vpp = 10V 

Vpp = 15V 

llo|< 1A, Vin=Vop, Vit = OV 
Vop = 5V 

Vpp = 10V 

Vpp = 15V 
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OV to Vop 


—§5°C to + 125°C 
—40°C to + 85°C 


+ 125°C 


Eins apes [one 


150 
300 
600 


4.95 
9.95 
14.95 


3.5 


7.0 
11.0 


0.51 
1.3 
3.4 


0.01 
0.01 
0.01 


0.05 
0.05 
0.05 


2.25 
4.5 
6.75 


2.75 
5.5 
8.25 


0.88 
2.25 
8.8 


0.05 
0.05 


—10-5 —1.0] pA 
10-5 1.0 


DC Electrical Characteristics cp45188c/cp45208c oe 2) 


4.95 
9.95 
14.95 


rs 


4.95 
9.95 
14.95 


mE 
BE 
0.01 


0.05 
0.05 
0.05 


5 
10 
15 


+ 85°C 


4.95 
9.95 
14.95 


aim ae 
2 


150 
300 
600 


0.05 
0.05 
0.05 





DC Electrical Characteristics cp45188¢/cD4520BC (Note 2) (Continued) 


Low Level Input Voltage | |Ilo|<1pA 
Vpp = SV, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Input Voltage | |lo|<1pA 
Vpp = SV, Vo = 0.5V or 4.5V 3.5 | 2.75 
Vpp = 10V, Vo = 1Vor9V 7.0 7.0 | 55 
Vop = 15V, Vo = 1.5V0r13.5V} 11.0 11.0 8.25 


Low Level Output Current | Vi7 = Vpp, Vit = OV 

(Note 3) Vop = 5V, Vo = 0.4V 0.44 | 0.88 
Vpp = 10V, Vo = 0.5V 141 2.25 
Vop = 15V, Vo = 1.5V 3.0 8.8 


High Level Output Current | Vi = Vpp, Vit= OV 

(Note 3) Vop = 5V, Vo = 4.6V 
Vpp = 10V, Vo = 9.5V 
Vpp = 15V, Vo = 13.5V 


Input Current Vpp = 15V, Vin = OV 
Vpp = 15V, Vin = 15V 


AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, Ry = 200 kN, t, = ts = 20 ns, unless otherwise specified 


Symbol Conditions | Min | typ | Max | u 


tpHL, tec Propagation Delay Time 
Clock — Q 


tPHL Propagation Delay Time 
Reset — Q 


trot tTLH Transition Time 
for Maximum Clock Input Frequency 
twL tWH Minimum Clock Pulse Width 


tac. tec Maximum Clock or Enable 
Rise and Fall Time 


twH: twe Minimum Enable Pulse Width 


twWH Minimum Reset Pulse Width 


Cin Input Capacitance Any Input a ee ee 
Cpp Power Dissipation Capacity Either Counter (Note 4) a 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 

Note 2: Vss = OV unless otherwise specified. 

Note 3: lox, and Io, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of a CMOS device. For a complete explanation, see “54C/74C Family Characteristics”, application 
note AN-90. 
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CD4518BM/CD4518BC/CD4520BM/CD4520BC 


Logic Diagrams 


Decade Counter (CD4518B) 14 Device Shown 


Binary Counter (CD4520B) 12 Device Shown 
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TL/F/5995-2 


TL/F/5995-3 





Timing Diagrams 
Ram ect (cate became (cee We nec iba MA 2 


1 2 3 4 5 6 7 8 9 0 1 2 


geteanansetetaal 


2 3 4 


7 | 8 9 | 10 rh 12 13 14 


CD4520B 


TL/F/5995~4 


Switching Time Waveforms 


tr ty 


Fig 
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INPUT 
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CD4519BM/CD4519BC 


National — 
Semiconductor 


CD4519BM/CD4519BC 4-Bit AND/OR Selector 


General Description 
The CD4519B is a monolithic complementary MOS (CMOS) 


integrated circuit constructed with N- and P-channel en- . 


hancement mode transistors. Depending on the condition of 
the control inputs, this part provides three functions in one 
package: a 4-bit AND/OR selector, a quad 2-channel Data 
Selector, or a Quad Exclusive-NOR Gate. The device out- 
puts have equal source and sink current capabilities and 
conform to the standard B series output drive and supply 
voltage ratings. 


Logic Diagram 


A 
CONTROL 
INPUTS 8 


X 


DATA 
INPUTS 


Features 

mw Wide supply voltage range 

m High noise immunity 

mg Low power TTL 
compatibility 

m 5V-10V-15V parametric ratings 

@ Symmetrical output characteristics 

= Maximum input leakage 1 pA at 15V over full tempera- 
ture range 

m Second source of Motorola MC14519 


3.0V to 15V 


0.45 Vpp (typ.) 
fan out of 2 driving 74L 


or 1 driving 74LS 


INHIBIT 


92 OUTPUT 


——— 


TO THREE REMAINING 


SECTIONS 


Connection Diagram 


Dual-in-Line Package 


» Y1 


Top View 


Truth Table 


TL/F/5996-1 


Order Number CD4519B* 


*Please ook into Section 8, Appendix D 
tor availability of various package types. 





Absolute Maximum Ratings Recommended Operating 


: se ane faatdent Riss Conditions (note 2) 
ary/Aerospace specified devices are required, 
contact the Natlonal Semiconductor Sales Office/ DC Supply Voltage (Vpp) +3 Vpc to +15 Voc 


Distributors for availability and specifications. Input Voltage (Vin) 0 Voc to Vop Voc 
DC Supply Voltage (V —0.5Vnc to +18V Operating Temperature Range (Ta) 

pply Voltage (Von) Oe pa CD4519BM ~55°C to +125°C 
CD4519BC —40°C to + 85°C 


Input Voltage (Vin) ~—0.5 Voc to Vpp + 0.5 Voc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 700 mW 
Small Outline 500 mW 


Lead Temperature (TL) 
(Soldering, 10 sec.) 260°C 


J861S709/INE6LSPGD 


DC Electrical Characteristics cp45198m (Note 2) 


eee iran [Max 
Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 30 
Current Vpp = 10V, Vin = Vpp or Vss 60 
Vop = 15V, Vin = Vop or Vss 120 


Low Level lol < 1 A 

Output Voltage Vpop = 5V : 0.05 0.05 
Vpp = 10V : 0.05 0.05 
Vop = 15V i 0.05 

HighLevel | lol < 1 pA 

Output Voltage Vop = 5V 
Vpp = 10V 
Vop = 15V 


Low Level lol < 1 pA 

Input Voltage Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level llol < 1 pA 
Input Voltage Vop = 5V, Vo = 0.5V or 4.5V 


Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V : 0.51 
Current (Note 3) | Vpp = 10V, Vo = 0.5V 1.6 1.3 
Vpop = 15V, Vo = 1.5V 4.2 3.4 


High Level Output | Vpp = 5V, Vo = 4.6V —0.64 —0.51 | —0.88 
Current (Note 3) | Vpp = 10V, Vo = 9.5V -1.3 | —2.25 
Vop = 15V, Vo = 13.5V —-3.4 | -—88 


Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


DC Electrical Characteristics cp45198c (Note 2) 


a el 
| Max | Min | Typ | Max | Min | Max | 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 4 4 30 
Current Vop = 10V, Vin = Vpp or Vss 8 8 60 
Vop = 15V, Vin = Vpp or Vss 16 16 120 


Low Level 

Output Voltage 0.05 0.05 0.05 
0.05 0.05 0.05 
0.05 0.05 0.05 





High Level 

Output Voltage = 4.95 
9.95 
14.95 
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DC Electrical Characteristics cp45198¢ (Note 2) (Continued) 


Low Level lol < 1 pA 

Input Voltage Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


High Level lol < 1 pA 

Input Voltage Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpop = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current (Note 3) | Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 
—0.88 


Current (Note 3) | Vop = 10V, Vo = 9.5V =1.1 | -—2.25 
Vpp = 15V, Vo = 13.5V -3.0 | -88 


Input Current Vpp = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


AC Electrical Characteristics* 
Ta = 25°C, CL = 50 pF, Ri = 200 kO, t, = t; = 20 ns, unless otherwise specified 





tPHL, tPLH Propagation Delay (Figure 1) 
High-to-Low Level Vpop = 5V 
or Low-to-High Level Vpp = 10V 

Vpop = 15V 

trot tTLH Transition Time (Figure 1) 

~ Vop = 5V 
Vop = 10V 
Vop = 15V 


Average Input Capacitance Any Input (Note 4) ee ee ee 
Power Dissipation Capacity Any Gate (Note 5) rn ee 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The table of ‘Recommended Operating Condtions” and Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: Io} and lo, are tested one output at a time. 
Note 4: Capacitance is guaranteed by periodic testing. 


Note 5: Cpg determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C Family characteristics application note 
AN-90. 


AC Test Circuit and Switching Time Waveforms 


Yop 
() 


PULSE 
GENERATOR 


OUTPUT 


TL/F/5996-—4 


TL/F/5996-3 
FIGURE 1 
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Typical Application 


Data Routing and Processing Using the CD4519 


CLOCK 2 
O 


D 


a 
Cc 
C04511 
oo a 0s 


() e 
Leeman arent » 
RESET CLOCK 1 CONTROL INPUTS =X #Y 


OUTPUT 
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TL/F/5996-5 


Control Inputs 


Display Zero 
Display Counter Y 
Display Counter X 
Compare Counters 
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CD4522BM/CD4522BC/CD4526BM/CD4526BC 


National 
Semiconductor 


CD4522BM/CD4522BC, CD4526BM/CD4526BC 
Programmable Divide-By-N 
4-Bit Binary Counter 


General Description 


The CD4522BM/CD4522BC, CD4526BM/CD4526BC are 
CMOS programmable cascadable down counters with a de- 
coded “0” state output for divide-by-N applications. In sin- 
gle stage applications, the “0” output is applied to the Pre- 
set Enable input. For multi-stage applications, the ‘‘0” out- 
put is used in conjunction with the CF (Cascade Feedback) 
input to perform the divide-by-N function. The ‘‘O” output is 
normally at logical “0” level; it will go to a logical “1” state 
only when the counter is at its terminal count (0000) and if 
CF is at logical “1” level. Thus, CF acts as an active low 
inhibit for the “0” output. This feature allows cascade di- 
vide-by-N operations with no additional gate required (see 
Applications section). The Master Reset function provides 
synchronous initiation of divide-by-N cycles. The Clock In- 
hibit input allows disabling of the pulse counting function. 


All inputs are protected against static discharge by diode 
clamps to Vpp and Vss. 


Connection Diagram 


Features 

m Wide supply voltage range 

@ High noise immunity 

w Low power TTL fan out of 2 driving 74L 
compatibility or 1 driving 74LS 

m@ Quiescent current= 5 nA/package (typ.)@Vpp= 5.0V 

g Internally synchronous for high internal and external 
speed 

@ Logic edge-clocked design—incremented on positive 
transition of Clock or negative transition of Clock Inhibit 

m Medium speed 7.7 MHz (typ.)@Vpp = 10V 

mw Asynchronous Preset Enable 


3.0V to 18V 
0.45 Vpp (typ.) 


Applications 

m@ Programmable down counter 

m Programmable frequency divider 
@ Frequency synthesizers 

m@ Phase-locked loops 


Dual-In-Line Package 


CASCADE 
DP3 FEEDBACK 


PRESET 
ENABLE 


INHIBIT 


MASTER 


"0" DP2 RESET 


DP1 CLOCK Ss Vsg 


TL/F/5997-1 


Top View 
Order Number CD4522B* or CD4526B* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 


Recommended Operating 
Conditions 


Distributors for availability and specifications. 


DC Supply Voltage (Vpp) 
Input Voltage (Vinx) 


Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


DC Supply Voltage (Vpp) 


—0.5Vpc to +18 Voc Input Voltage (Vin) 


—0.5 Vpc to Vpop + 0.5 Voc 


CD4522BM, CD4526BM 
— 65°C to + 150°C 


CD4522BC, CD4526BC 


700 mW 
500 mW 


260°C 


DC Electrical Characteristics cp45228m, cD4526BM (Note 2) 


Quiescent Device 
Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Low Level Output 
Current (Note 3) 


Vop = 5V 


lio| <1pA 
Vop = 5V 

Vop = 10V 
Vop = 15V 


llol < 1 pA 

Vop = 5V , 5 
Vpp = 10V H 9.95 10 
Vpp = 15V : 14.95 15 


Vop = 5V, Vo = 0.5V or 4.5V 
Vpop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vpop = 5V, Vo = 0.4V 
Vpop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Quiescent Device 


Current 


Low Level 
Output Voltage 


High Level 
Output Voltage 


Ilo <1pA 
Vop = 5V 

Vpop = 10V 
Vop = 15V 
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Operating Temperature Range (Ta) 


3 Vpc to 15 Voc 
0 Voc to Vop Voc 


— 58°C to + 125°C 
— 40°C to + 85°C 


150 
300 
600 


0.05 
0.05 
0.05 
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CD4522BM/CD4522BC/CD4526BM/CD4526BC 


DC Electrical Characteristics cp45228¢, cb4526Bc (Note 2) (Continued) 


Parameter 


Low Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


High Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vpop = 10V, Vo = 1.0V or 9.0V : 
Vop = 15V, Vo = 1.5V or 13.5V : 11. 0 


Low Level Output | Vop = 5V, Vo = 0.4V F 0.44 0.88 
Current (Note 3) | Vpp = 10V, Vo = 0.5V : 1.4 2.25 
Vpop = 15V, Vo = 1.5V : 3.0 8.8 


High Level Output | Vpp = 5V, Vo = 4.6V 
Current (Note 3) | Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


AC Electrical chacactedatics’ Ta = 25°C, C_ = 50 pF, unless otherwise specified 


symbol | Parameter. | Conditions| min | typ | Max_| Units 


trHL tTLH Output Transition Time 


tpHL tpLH Propagation Delay Time 
from Clock to Q Outputs 


tpHL tpLH Propagation Delay Time 
from Clock to ‘‘0” Output 


PWo Minimum Clock 
Pulse Width 


foL Maximum Clock 
Pulse Frequency 


Tice» Tce Maximum Clock or Inhibit 
Rise and Fall Time 


tHOLD Hold Time 


PWpe Minimum Preset 280 
Enable Pulse Width 120 
85 


PWaur Minimum Master Reset = . 350 
Pulse Width 180 
120 


Cin Input Capacitance (Note 4) 7.5 
Cpp Power Dissipation Capacitance Per Package (Note 5) 


“AC Parameters are guaranteed by DC correlated testing. 

Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and Electrical Characteristics” provide conditions for actual device 
operation. 

Note 2: Vsg = OV unless otherwise specified. 

Note 3: lox and Io, are tested one output at a time. 

Note 4: Capacitance is guaranteed by periodic testing. 

Note 5: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics application note, 
AN-90. 
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Logic Diagrams 
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CD4522BM/CD4522BC/CD4526BM/CD4526BC 


Truth Tables and Count Sequences 


Both Types 


Master 
Reset 


Preset 
Enable 


No Count 
Count 1 
No Count 
Count 1 
Preset 
Reset 


ed so0] 


200 
-ooeeffE 


CD4522BM/CD4522BC 


7 
6 
5 
4 
3 
2 
1 
0 


oH O-};0 +0 


TL/F/5997-4 


CD4526BM/CD4526BC 





TL/F/5997-5 





| a4 | as | 
1 
1 
1 
1 
1 0 
1 0 
1 0 
1 0 
0 
0 
0 
0 
0 0 
0 0 
0 0 
0 0 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
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Typical Applications 


2-Stage Programmable Down Counter 


CYCLE INHIBIT 


tsp 
CO46268 


THUMBWHEEL SWITCHES 
(OPEN = “O") 


2-Stage Programmable Fequency Divider 


four 
O 


THUMBWHEEL SWITCHES 
PEN = “O") 


Counting Cycle 
LSD MSD 


nd 
nod—1 


MSD 
C045228, 
045268 


oP2 pPa 


TL/F/5997-6 


1 
STOP 


Counting Cycle 
LSD MSD 


CD4526B 


OP3 


TL/F/5997-7 


L 
REPEAT CYCLE 


Note: When cascading more than 2 packages, tie ‘‘0" output of the nth package to CF input of the (n—1)th package for all n = 2, 3. 
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CD4522BM/CD4522BC/CD4526BM/CD4526BC 


Switching Time Waveforms 
Test No. 1 


fin = {max 


tf 
TL/F/5997-8 


Test No. 2 
20 ns 


j~w—— te 


TL/F/5997-10 


Test No. 3 


tf 
TL/F/5997-12 
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Test No. 4 


tf 
TL/F/5997-9 


Tests No. 5and 7 


tt 
TL/F/5997~11 


Test No. 6 


tf 
TL/F/5997-13 





AC Test Circuits 


PULSE 
GENERATOR 
1 


PULSE 
GENERATOR 
2 


PULSE 
GENERATOR 


09892S709/INE9CSP09/D82eSPdd/WEecsrda 


TL/F/5997-14 
a) Tests No. 1-6 


TL/F/5997--15 
b) Test No. 7 
FIGURE 1. Test Circuits 


Test Conditions 
TABLE | 


orate | TexiNe- | Ola mm) #8 | HR | oP | ef osu 


tr, tf. tpLH. tPHLE 


fin | Yop |v 
Pouca [era | ven Lees | vee Dee soo [> 
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CD4528BM/CD4528BC 


National 
Semiconductor 


CD4528BM/CD4528BC Dual Monostable Multivibrator 


General Description 


The CD4528B is a dual monostable multivibrator. Each de- 
vice is retriggerable and resettable. Triggering can occur 
from either the rising or falling edge of an input pulse, result- 
ing in an output pulse over a wide range of widths. Pulse 
duration and accuracy are determined by external timing 
components Rx and Cx. 


Connection Diagrams 


TL/F/5998—1 


L 
L 
L 


; 





cern 


7 


oo 


Features 

m Wide supply voltage range 

m Separate reset available 

m™ Quiescent current = 5.0 nA/package (typ.) at 5.0 Voc 

Diode protection on all inputs 

@ Triggerable from leading or trailing edge pulse 

m Capable of driving two low-power TTL loads or one 
low-power Schottky TTL load over the rated tempera- 
ture range 


3.0V to 18V 


Dual-tn-Line Package 


TIA 
T2A 


Voo 
Tig 
CoA T2B 
AAINPUT 
ABINPUT 

QaouT 

aout 


Vss 


Cop 
BAINPUT 
BBINPUT 
gout 
Upout 


coaszeemy * 
CDAS28BC 4, 


TL/F/5998-2 
Top View 


Order Number CD4528B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


= High Level 

= Low Level 

= Transition from Low to High 

= Transition from High to Low 

= One High Level! Pulse 

= One Low Level Pulse 
Irrelevant 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for avallability and specifications. 


DC Supply Voltage (Vpp) —0.5 Vpc to +18 Voc 
Input Voltage, All Inputs (Vin) —90.5 Vpc to Vop +0.5 Voc 
Storage Temperature 


Recommended Operating 


Conditions (note 2) 
DC Supply Voltage (Vpp) 3V to 15V 
Input Voltage (Vin) OV to Vpp Voc 


Operating Temperature Range (Ta) 
CD4528BM 
CD4528BC 


— 55°C to + 125°C 
— 40°C to + 85°C 


Range (Ts) 

Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 

Lead Temperature (T,) 
(Soldering, 10 seconds) 


—65°C to + 150°C 


700 mW 
500 mW 


260°C 


DC Electrical Characteristics CD4528BM (note 2) 


Quiescent Device Current 


Low Level Output Voltage 


High Level Output Voltage 


Low Level Input Voltage 


High Level Input Voltage 


Low Level Output Current 
(Note 3) 


High Level Output Current 
(Note 3) 


Input Current 


Vop = 5V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.4V 
Vpp = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 
Vop = 5V, Vo = 4.6V 
Vop = 10V, Vo = 9.5V 
Vop = 18V, Vo = 13.5V 
Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


<<</<<<jc<ccj<c<c< 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range”, 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lon and !o, are tested one output at a time. 
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CD4528BM/CD4528BC 


DC Electrical Characteristics CD4528BC (note 2) 
[mae [tac | tac | 
[min | Max| min | typ | Max| Min | Max, 


Quiescent Device Current | Vpp = 5V 20 0.005 150 
Vpp = 10V 40 0.010 300 
Vop = 15V 80 0.015 600 


Low Level Output Voltage 0.05 A 0.05 
0.05 . 0.05 
0.05 


High Level Output Voltage 4.95 
9.95 
14.95 


Low Level Input Voltage [| Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 
3.5 


High Level Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V 
Vpop = 10V, Vo = 1Vor9gV 7.0 
Vop = 15V, Vo = 1.5V or 13.5V] 11.0 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 
(Note 3) Vpp = 10V, Vo = 0.5V 
Vpp = 15V, Vo = 1.5V 


<<</j<<<;j<<</<< < 


High Level Output Current | Vpp = 5V, Vo = 4.6V 
(Note 3) Vpp = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: Ioy and Ilo, are tested one output at a time. 
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AC Electrical Characteristics* CD4528BM 


Ta = 25°C, C_ = 50 pF, Rr = 200 kO, Input t; = ts = 20 ns, unless otherwise specified 


Parameter 


Output Rise Time 


Output Fall Time 


Turn-Off, Turn-On Delay 
AorBtoQorQ 
Cx = 15 pF, Rx = 5.0kN 


Turn-Off, Turn-On Delay 
AorBtoQorQ 
Cx = 100 pF, Rx = 10k 


Minimum Input Pulse Width 
AorB 
Cx = 15 pF, Rx = 5.0k0 


Cx = 1000 pF, Rx = 10 kO 


Output Pulse Width Q or Q 
For Cx < 0.01 uF (See Graph 
for Appropriate Vpp Level) 
Cx = 15 pF, Rx = 5.0k 


For Cx > 0.01 pF Use 


PWout = 0.2 Rx Cx In [Vpp — Vssl 
Cx = 10,000 pF, Rx = 10k. 


Pulse Width Match between Circuits 
in the Same Package 

Cx = 10,000 pF, Rx = 10k 
Reset Propagation Delay, 


tPLH, tPHL 
Cx = 15 pF, Rx = 5.0k9. 


Cx = 1000 pF, Rx = 10 kN 


Minimum Retrigger Time 
Cx = 15 pF, Rx = 5.0ko 


Cx = 1000 pF, Rx = 10k 


Conditions 


t, = (3.0 ns/pF) C_ + 30 ns, Vop = 5.0V 
tr = (1.5 ns/pF) C_ + 151s, Vpp = 10.0V 
t, = (1.1 ns/pF) C, + 10 ns, Vpp = 15.0V 


t} = (1.5 ns/pF) C, + 25 ns, Vpp = 5.0V 

t; = (0.75 ns/pF) C_ + 12.5 ns, Vpp = 10V 

t; = (0.55 ns/pF) CL + 9.5 ns, Vpp = 15.0V 

tpLy, tpH_ = (1.7 ns/pF) CL + 240 ns, Vpp = 5.0V 


tpLH, tpHL = (0.66 ns/pF) Cy + 8ns, Vpp = 10.0V 
tpLH, tpH_ = (0.5 ns/pF) C_ + 65 ns, Vpp = 15.0V 


tpLH, tpHL = (1.7 ns/pF) C_ + 620 ns, Vpp = 5.0V 
tp_H, tpHL = (0.66 ns/pF) CL + 257 ns, Vpp = 10.0V 
tpLy, tpH_ = (0.5 ns/pF) CL + 185 ns, Vpp = 15.0V 


Vop = 5.0V 
Vpop = 10.0V 
Vop = 15.0V 


Vop = 5.0V 
Vpp = 10.0V 


Vop = 15.0V 
Vpp = 5.0V 


Vpp = 10.0V 
Vpp = 15.0V 


Vop = 5.0V 
Vop = 10.0V 
Vop = 15.0V 


Vop = 5.0V 
Vop = 10.0V 
Vop = 15.0V 


Vop = 5.0V 
Vop = 10.0V 
Vpp = 15.0V 


Vpp = 5.0V 
Vop = 10.0V 
Vop = 15.0V 
Vop = 5.0V 
Vpp = 10.0V 
Vpp = 15.0V 





*AC parameters are guaranteed by DC correlated testing. 
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CD4528BM/CD4528BC 





Logic Diagrams (4 of Device Shown) 


TL/F/5998-3 


TL/F/5998-10 
Duty Cycle = 50% 


TL/F/5998-4 
FIGURE 1. Power Dissipation Test Circuit and Waveforms 


Input Connections 


Pe 
id tPLH, tPHL, tr, tf, eat | 
; Vpp Vop 
PWout PWin 


tpLH teHL, tr te, 


V 
PWout: PWin i 


[tou teu PWin | Pas | par | Poe _| 


PULS! 


E 
GENERATOR 


PULSE 
GENERATOR 


*Includes capacitance of probes, wir- PGI - FL 


ing, and fixture parasitic. 


Note: AC test waveforms for PG1, PG2= | [ 
PG3= | j 





TL/F/5998-5 PG2, and PG3 on next page. 


TL/F/5998-6 
FIGURE 2. AC Test Circuit 
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Logic Diag ramMsS ('/ of Device Shown) (Continued) 


0882S7090/INE82Srdo 


50% 
HL = tPHL— 


50% 


TL/F/5998-7 


4p [FORALL VALUES OF Vpp 3V TO t8v 
ve a al 


= 
= 
2 
= 
uw 
an 
a 
2 
a 
[=] 
uw 
= 
ol 
< 
= 
« 
i=] 
z 


oe —-40-20 0 20 40 60 80 Ee 120 “= 


Ta, AMBIENT TEMPERATURE (°C) 
TL/F/5998-8 


FIGURE 4. Normalized Pulse Width vs Temperature 


Hit alll 
ee 


PW, PULSE WIDTH (us) 





1,000 10,000 100,000 1,000,000 
Cx, EXTERNAL CAPACITANCE (pF) 


FIGURE 5. Pulse Width vs Cx 


TL/F/5998-9 
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CD4529BM/CD4529BC 





National 
Semiconductor 


CD4529BM/CD4529BC Dual 4-Channel or Single 
8-Channel Analog Data Selector 


General Description 


The CD4529B is a dual 4-channel or a single 8-channel 
analog data selector, implemented with complementary 
MOS (CMOS) circuits constructed with N- and P-channel 
enhancement mode transistors. Dual 4-channel or 8-chan- 
nel mode operation is selected by proper input coding, with 
outputs Z and W tied together for the single 8-bit mode. The 
device is suitable for digital as well as analog applications, 
including various 1-of-4 and 1-of-8 data selector functions. 
Since the device is analog and bidirectional, it can also be 
used for dual binary to 1-of-4 or single 1-of-8 decoder appli- 
cations. 


Connection Diagram 


Dual-iIn-Line Package 


TOP VIEW 


Order Number CD4529B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


Dual 
4-Channel 
Mode . 

2 Outputs 


Single 
8-Channel Mode 


1 Output 
(Z and W 
tied together) 


sat te et i Oodcd|;a — — = 


Impedance 
(TRI-STATE) 


| ejeece|+++-|-+-+- 


X = Don’t care 


Features 
@ Wide supply voltage range 
@ High noise immunity 
m@ Low quiescent 
power dissipation 
mw 10 MHz frequency operation (typ.) 
m Data paths are bidirectional 
w Linear ON resistance [1200 (typ.)@15V] 
@ TRI-STATE® outputs (high impedance disable strobe) 
@ Plug-in replacement for MC14529B 


3.0V to 15V 


0.45 Vpp (typ.) 
0.005 ».W/package 


(typ.)@5.0 Voc 


Logic Diagram 


TL/F/5999-1 





5-298 


Absolute Maximum Ratings (notes 1 4 2) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions (Note 2) 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. a spin ees (oo) . i va 
DC Supply Voltage (Vpp) —0.5V to +18V a ie a (ViN) ee 00 
Input Voltage (Vin) —0.5V to Vop +0.5V plies breimange (TA) eaeee 
Storage Temperature Range (Ts) —65°C to + 150°C a 
euler CD4529BC —40°C to + 85°C 

Power Dissipation (Pp) 

Dual-In-Line 700 mw 

Small Outline 500 mw 


Lead Temperature (T,) 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp45298m (Note — 


+125°C 
a mT 


Quiescent Device 
Current 


Low Level Output 
Voltage 


High Level Output 
Voltage 


Low Level Input Voltage 
(Note 3) 


High Level Input Voltage 
(Note 3) 


Input Current 


ON Resistance 


POPP S992 PVP 9202 


Input to Output Leakage | Vssg = —5V, Vpp = 5V, Vin = 5V, 
Current Vout = —5V 

Vss = —5V, Vpp = 5V, Vin = —5V, 

Vout = 5V 

Vss = —7.5V, Vop = 7.5V, 

Vin = 7.5V, Vout = —7.5V 

Vss = —7.5V, Vpp = 

Vin = —7.5V, VouT = 7.5V 
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CD4529BM/CD4529BC 


DC Electrical Characteristics cp45298¢ (Note 2) (Continued) 


Low Level Output Voltage |Vj_ = OV, Vin = Vpp. Ilol < 1 pA 
Vop = 5V 
Vpp = 10V 
Vop = 15V 


High Level Output Voltage] Vi_ = OV, Vin = Vpp. Ilo! < 1 pA 
Vpp = 5V 
Vpop = 10V 
Vpp = 15V 


Low Level Input Voltage |Vpp = 5V, Vout = 4.5 0r 0.5 Voc 1.5 
(Note 3) Vop = 10V, Vout = 9.0 or 1.0 Voc 3.0 
Vop = 15V, Vout = 13.5 0r 1.5 Voc 4.0 


High Level Input Voltage |Vpp = 5V, Vout = 0.5 or 4.5 Voc 3.5 
(Note 3) Vop = 10V, Vout = 1.00r9.0Vpc | 7.0 
Vpop = 15V, Vout = 1.5 or 13.5 Voc} 11.0 


Input Current 


ON Resistance 

Vpop = 10V, Vssg = OV 
Vin = 10V 

Vin = 0.25V 

Vin = 5.6V 

Vop = 15V, Vss = OV 
Vin = 15V 

Vin = 0.25V 

Vin = 9.3V 


Input-Output Leakage Vss = —5V, Vpp = 5V 

Current Vin = 5V, Vout = —5V 
Vin = —5V, Vout = 5V 
Vss = —7.5V, Vpp = 7.5V 
Vin = 7.5V, Vout = —7.5V 
Vin = —7.5V, VouT=7.5V 


0.001 5.0 
0.002 : 
0.003 | 10.0 


0.05 
0.05 
0.05 
5.00 
10.00 
15.00 
1 


2.25 
4.50 3.0 
6.75 4.0 


2.75 
5.50 
8.25 


—10-5 
10-5 


+0.0015} +250 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteris- 


tics” provide conditions for actual device operation. 
Note 2: Vsg = OV unless otherwise specified. 
Note 3: Switch OFF is defined as |I9| < 10 pA, switch ON as defined by Ron specification. 
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AC Characteristics* cp45298m/cp45398C 
Ta = 25°C, RL = 1k, t- = te = 20 ns, unless otherwise specified. 


| Parameter | Conditions | Min | Typ | Max | 


tpLH: tpH_ | Vin to Vout Propagation Delay Vssg = OV, C_ = 50 pF 
Vpp = 5V 
Vop = 10V 
Vpp = 15V 


tpi, tpy_ | Control to Output Propagation Delay Vin = Vpp or Vss, CL = 50 pF 
Vin < 10V 
Vpp = 5V 
Vpp = 10V 
Vop = 15V 


Maximum Control Input Pulse Frequency | Vssg = OV, C, = 50 pF 
Vop = 5V 
Vop = 10V 
Vop = 15V 

Crosstalk, Control to Output Rout = 10k, C, = 50 pF, Vssg = 0 
Vpp = 5V ‘ mV 
Vop = 10V : mV 

: Vop = 15V A mV 

Noise Voltage f = 100 Hz, Vsg = OV 
Vop = 5V nV/Ycycle 
Vpp = 10V nV/Ycycle 
Vpp = 15V nV/Veycle 
f = 100 kHz, Vsg = OV 
Vpp = 5V nV/yeycle 
Vpp = 10V nV/\cycle 
Vop = 15V nV/Vcycle 


Sine Wave (Distortion) Vin = 1.77Vrms Centered : % 
at OV, RL = 10k, f = 1 kHz, 
Vss = —5V, Vpp = 5V 


Insertion Loss, Vin = 177Vrms Centered 
at OV, Vss = —5V, Vpp = 5V 
Vout Ry = 1ka 
VIN Ry = 10k 
Ri = 100 kn 
RE = 1M 


Bandwidth, —3dB Vin = 177Vrms Centered 
at0 Vdc, Vsg = —5V, Vpp = 5V 
RL = 1k 
Ri = 10kn, 
Ry = 100 kn 
RL = 1M 
Feedthrough and Crosstalk, Vss = —5V, Vop = 5V 
Vout _ Ry = 1k 
20 OCI yar —50 db Ri = 10ka 
Ry = 100 kn 
RL = 1MQ 


lLoss = 20 Logio 


“AC Parameters are guaranteed by DC correlated testing. 
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CD4529BM/CD4529BC 


Test Circuits and Switching Time Waveforms 


Output Voltage Ron Characteristics Noise Voltage 


out 
Vou 


QUAN-TECH 
Yoo AL MODEL 


2283 
OR EQuiv 


Frequency Response Crosstalk 


2.5 Vde X, YINPUT 
Vin AS 0 Vde 
<~— -2.5 Vde 


Propagation Delay Turn-ON Delay Time 


Z 
é Locic es 


STy, STy 
AORB 


Vin* Yoo 
Vy = 0 Vide 


Vin 2 O Vdc 
Vx = Voo 


TL/F/5999-2 
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Typical Performance Characteristics 


Typical Ron vs Vin RIT Noise Characteristics 
250 
IMAM 
AN HN 
Sud CAA 
NUTT 


IK a Tn 


Ron — OM RESISTANCE (52) 
NOISE VOLTAGE (aVA/CVCLE) 
































109 1k 10k 100% 
Vin — INPUT VOLTAGE (Vdc) { - FREQUENCY (Hz) 


Typical Insertion Loss/ 
Bandwidth Characteristics 
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-3dB (Ry = 1k? 


iL 
ao EU fi lh 
UU UIT IY Uh 


10k 100k 1M 10M 100M 
fy ~ INPUT FREQUENCY (Hz) 


as 
2 
o 
- 
z 
= 
- 
i. 3 
uw 
" 
z 
= 
= 
< 
g 
a 
> 
- 








TL/F/5999-3 





5-303 


0862S700/Nd62eSPd09D 
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National 
Semiconductor 


CD4538BM/CD4538BC Dual Precision Monostable 


General Description 


The CD4538B is a dual, precision monostable multivibrator 
with independent trigger and reset controls. The device is 
retriggerable and resettable, and the control inputs are inter- 
nally latched. Two trigger inputs are provided to allow either 
rising or falling edge triggering. The reset inputs are active 
low and prevent triggering while active. Precise control of 
output pulse-width has been achieved using linear CMOS 
techniques. The pulse duration and accuracy are deter- 
mined by external components Rx and Cx. The device does 
not allow the timing capacitor to discharge through the tim- 
ing pin on power-down condition. For this reason, no exter- 
nal protection resistor is required in series with the timing 
pin. Input protection from static discharge is provided on all 
pins. 


Block and Connection Diagrams 


TL/F/6000-1 


Ry and Cy are External Components 
Vpp = Pin 16 
Vsg = Pin8 


Truth Table 


Features 
m Wide supply voltage range 
@ High noise immunity 
m Low power 
TTL compatibility 
@ New formula: PWoyt = RC 
(PW in seconds, R in Ohms, C in Farads) 
m +1.0% pulse-width variation from part to part (typ.) 
@ Wide pulse-width range 1 ps to © 
m Separate latched reset inputs 
wg Symmetrical output sink and source capability 
m@ Low standby current 5 nA (typ.) 
@ 5 Voc 


3.0V to 15V 

0.45 Voc (typ.) 

Fan out of 2 driving 74L 
or 1 driving 74LS 


= Pin compatible to CD4528B 


Dual-In-Line Package 
CD4538BM 
CD4538BC 


1 
2 
3 
4 
5 
6 
7 
8 


TL/F/6000-2 
Top View 


Order Number CD4538B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


H = High Level 

tL = Low Level 

T = Transition from Low to High 
J = Transition from High to Low 
SL = One High Level Pulse 

“LF = One Low Level Pulse 

xX = Irrelevant 
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Absolute Maximum Ratings (notes 1 and 2) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
DC Supply Voltage (Vpp) —0.5 to + 18 Voc 
Input Voltage (Vij) —0.5V to Vpp + 0.5Vpc 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (Note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4538BM 
CD4538BC 


3t015Vpc 
0 to Vpp Voc 


—55°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics cp45388m (Note 2) 


Vpp = 5V } Vin = Vop 


Quiescent 
Device Current | Vpp = 10V 
Vop = 15V 


Low Level Vpp = 5V } 


Vit = Vss 
All Outputs Open 


lol <1pA 


Output Voltage | Vop = 10V 
e il Fi Vi = Vop; Vit = Vss 


Vop = 15V 


High Level 


Vop = 5V 
< 
Output Voltage | Vpp = wy] Hol = Nas Vit = V 
Vop = 15v) “IH "DD VIL ™ ss 


llol < 1 pA 

Vpp = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 16V, Vo = 1.5V or 13.5V 


llo| <1pA 

Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Low Level Vop = 5V, Vo = 0.4V } 


Low Level 
Input Voltage 


High Level 
Input Voltage 


Vin = Vpp 


Output Current | Vpp = 10V, Vo = 0.5V 
is re is Vit = Vss 


(Note 3) Vp = 15V, Vo = 1.5V 
High Level Vop = 5V, Vo = 4.6V 
2 ee ir } ViH = Vop 


Output Current | Vpp = 10V, Vo = 9.5V 
Z ie - Vit = Vss 


(Note 3) 


Input Current 
Pin 2 or 14 


Input Current | Vpp = 15V, Vin = OV or 15V 
Other Inputs 


Vp = 18V, Vo = 13.5V 
Vop = 15V, Vin = OV or 15V 


of 
to &© 
aan 


ooo 
¢ oO Oo a 


-1.6 
—4.2 


o> 
wo 
au 


10 


o 
—_—_ ah 
ao ore 
a 
ooo 
200 
aan 


—0.9 
—2.4 


—1.3 





—3.4 | —8.8 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and ‘Electrical Characteristics” provide conditions for acutal device 


operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: Ioy and Io, are tested one output at a time. 
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CD4538BM/CD4538BC 


DC Electrical Characteristics cp45388c (Note 2) 


Conditions ee ee 
[Min | Max | min | Typ | max | Min_| Max | 


Quiescent Vop = 5V Vin = Vpo 20 0.005 20 150 
Device Current | Vpp = 10V ¢ Vit = Vss 40 0.010 40 300 
Vpop = 15VJ All Outputs Open 80 0.015 80 600 


Low Level Vo = 5Y ) cana 0.05 0.05 0.05 
Output Voltage | Vpp = 10V W - ve Vy =V 0.05 0.05 0.05 
Vop = 15VJ IH SOD: NIL NSS 0.05 0.05 0.05 


i Vpp = 5V : : 
< 

Output Voltage | Vpp = | Ho = at Vi =V . 

Vop = 15vJ IH TOD: MIL NSS | 44, 


Low Level lol < 1 A 

Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V : 2.25 
Vpp = 10V, Vo = 1.0V or 9.0V : 4.50 
Vop = 15V, Vo = 1.5V or 13.5V : 6.75 


High Level llol < 1 pA 

Input Voltage | Vpp = 5V, Vo = 0.5V or 4.5V ; ; 2.75 
Vpp = 10V, Vo = 1.0V or 9.0V i ; 5.50 
Vpp = 15V, Vo = 1.5V or 13.5V ; . 8.25 


Low Level Vop = 5V, Vo = 0.4V Wie . 0.88 
Output Current | Vpp = 10V, Vo = 0.5V +H 2.25 
(Note 3) Vp = 15V, Vo = 1.5V 8.8 


High Level Vpp = 5V, Vo = 4.6V 
Output Current | Vpp = 10V, Vo = 9.5V ¢ Vit = Vss 
(Note 3) Vp = 15V, Vo = 13.5V 





Input Current, | Vpp = 15V, Vin = OV or 15V +0.02 +10-5] +0.05 +05 

Pin 2 or 14 

Input Current | Vpp = 15V, Vin = OV or 15V +03 +40-5| +03 +1.0] pA 
Other Inputs 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for acutal device 
operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: lox and Io, are tested one output at a time. 
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AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, andt, = ty = 20 ns unless otherwise specified 


Conditions | Min | typ | Max | Units 


100 
50 
40 


Symbol 


ttLH tTHL Output Transition Time 


tpLH) teHL 


two twH Minimum Input Pulse Width 
A, B, or Cp 


taR 


Cin 


Pulse Width Match between 
Circuits in the Same Package 
Cy = 0.1 nF, Rx = 100 kn 





Vop = 
Vop = 10V 
Vop = 15V 
Propagation Delay Time 
AorBtoQorQ 
Vop = 5V 

Vpp = 10V 

Vpp = 15V 

Reset Operation— 
Cp toQorQ 

Vpp = 5V 

Vpp = 10V 

Vop = 15V 


Vpp = 5V 
Vop = 10V 
Vpp = 15V 


Vpp = 5V 
Vpp = 10V 
Vpp = 15V 


Minimum Retrigger Time 


Input Capacitance Pin 2 or 14 
Other Inputs 


Output Pulse Width (Q or Q) 
(Note: For Typical Distribution, 
see Figure 9) 


Rx = 100 kn 
Cy = 0,002 pF 


Rx = 100 ka 
Cy = 0.1 pF 


Rx = 100 ko 
Cy = 10.0 pF 


Ry = 100k 
Cy = 0.1 pF 


Operating Conditions 


External! Timing Resistance fy 
External Timing Capacitance No Limit 
*AC parameters are guaranteed by DC correlated testing. 


**The maximum usable resistance Rx is a function of the leakage of the Capacitor Cx, leakage of the CD4538B, and leakage due to board layout, surface 
resistance, etc. 


Rx 
Cx 


Logic Diagram 


Yoo 
t 
I 
I 
= 
7 
! 
| 
+ 


=z 
=“ 


Oo 
bod 
roar 


Trigger Operation— 


Vpp = 

Vop = ay 
Vpp = 15V 
Vpp = 5V 
Vop = 10V 
Vop = 15V 


Vop = 5V 
Vop = 10V 
Vop = — 
Vpp = 

Vop = av 
Vop = 15V 


RESET LATCH 


FIGURE 1 
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208 
211 
216 


8.83 
9.02 
9.20 


0.87 
0.89 
0.91 


9.60 
9.80 
10.00 


0.95 
0.97 
0.99 


200 
100 


244 
248 
254 


10.37 
10.59 
10.80 


1.03 
1.05 
1.07 


TL/F/6000-3 
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CD4538BM/CD4538BC 


Theory of Operation 


VREF2 


VREF1 — VREF1 — 


VAEF2 VREF2 


VREF1 — 


Peer aes eee ee, ee ee Bees (9) Seen 


pec. 


1 | 


[| 


POSITIVE EDGE TRIGGER @) POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING) 
NEGATIVE EDGE TRIGGER (5) RESET (PULSE SHORTENING) 
POSITIVE EDGE TRIGGER 


TL/F/6000-4 


FIGURE 2 


Trigger Operation . 


The block diagram of the CD4538B is shown in Figure 7, 
with circuit operation following. 


As shown in Figures 7 and 2, before an input trigger occurs, 
the monostable is in the quiescent state with the Q output 
low, and the timing capacitor Cy completely charged to 
Vpp- When the trigger input A goes from Vsg to Vpp (while 
inputs B and Cp are held to Vpp) a valid trigger is recog- 
nized, which turns on comparator C1 and N-Channel tran- 
sistor N1@. At the same time the output latch is set. With 
transistor N1 on, the capacitor Cy rapidly discharges toward 
Vsg until VRE, is reached. At this point the output of com- 
parator C1 changes state and transistor N1 turns off. Com- 
parator C1 then turns off while at the same time comparator 
C2 turns on. With transistor N1 off, the capacitor Cx begins 
to charge through the timing resistor, Rx, toward Vpp. When 
the voltage across Cx equals Vpere, comparator C2 chang- 
es state causing the output latch to reset (Q goes low) while 
at the same time disabling comparator C2. This ends the 
timing cycle with the monostable in the quiescent state, 
waiting for the next trigger. 


A valid trigger is also recognized when trigger input B goes 
from Vpp to Vsg (while input A is at Vsg and input Cp is at 
Vpp)®. 


It should be noted that in the quiescent state Cy is fully 
charged to Vpp, causing the current through resistor Rx to 
be zero. Both comparators are “off” with the total device 
current due only to reverse junction leakages. An added 
feature of the CD4538B is that the output latch is set 
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via the input trigger without regard to the capacitor voltage. 
Thus, propagation delay from trigger to Q is independent of 
the value of Cx, Rx, or the duty cycle of the input waveform. 


Retrigger Operation 


The CD4538B is retriggered if a valid trigger occurs®@ fol- 
lowed by another valid trigger® before the Q output has 
returned to the quiescent (zero) state. Any retrigger, after 
the timing node voltage at pin 2 or 14 has begun to rise from 
Vreri, but has not yet reached Vpero, will cause an in- 
crease in output pulse width T. When a valid retrigger is 
initiated @ , the voltage at T2 will again drop to Vrarer, before 
progressing along the RC charging curve toward Vpp. The 
Q output will remain high until time T, after the last valid 
retrigger. 


Reset Operation 


The CD4538B may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on Cp sets the reset latch and causes the capacitor to be 
fast charged to Vpp by turning on transistor Q1®. When 
the voltage on the capacitor reaches Vrero, the reset latch 
will clear and then be ready to accept another pulse. If the 
Cp input is held low, any trigger inputs that occur will be 
inhibited and the Q and Q outputs of the output latch will not 
change. Since the Q output is reset when an input low level 
is detected on the Cp input, the output pulse T can be made 
significantly shorter than the minimum pulse width specifica- 
tion. 





Typical Applications 


TL/F/6000-5 


FALLING EDGE 
TRIGGER 


TL/F/6000-7 


FIGURE 3. Retriggerable Monostables Circuitry 


RISING EDGE 
TRIGGER 


TL/F/6000-6 


FALLING EDGE 
TRIGGER 


TL/F/6000-8 
FIGURE 4. Non-Retriggerable Monostables Circultry 


TL/F/6000-9 


FIGURE 5. Connection of Unused Sections 
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CD4538BM/CD4538BC 


Typical Applications (Continuea) 
fy. 50% ——_t 


Leon y 10% / von 
Eas | i ln | f 
B | ar | “I | Pos { 


ma on 


tTHL md we 


[Pwour--| —| We ¥ rn 


‘ihe 50% Va 10% 


xa tPHL eee =: T = 
\ 50% j 90% 


, 10% 


TL/F/6000-10 
FIGURE 6. Switching Test Waveforms 


Ry = Rx’ = 100 kn 
Cx = Cy’ = 100 pF 
Cy = Co = 0.1 pF 


PULSE 
GENERATOR 


PULSE 
GENERATOR 
PULSE 
GENERATOR 
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TL/F/6000-12 
Input Connections 


ety: tepHL tTLH tTHL 


Vv PG1 Vv =—|—— Yoo 
PiWloinstinc tw DD DD Ne 
VIN 10% ov 


Vop Vss PG2 TL/F/6000-14 
Duty Cycle = 50% 


teLH, teHL. troy: tTHL 
PWour, twH tw 


tPLH(R) tPHL(R): 
twH twe FIGURE 8. Power Dissipation Test 
Circuit and Waveforms 





*Includes capacitance of probes, 
wiring, and fixture parasitic 


Note: Switching test waveforms 


for PG1, PG2, PG3 are 
shown in Figure 6. PG2= 
PG3= | | 


TL/F/6000-13 
FIGURE 7. Switching Test Circuit 
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Typical Applications (Continued) 


Az 
RX = 100kQ 
x= 0.1 pF 


_ 
So 


D=10¥ T=9.8ms 
Vpp=15¥ T=10 ms 


LIT NN 
SunvaR taal 
eee INT 


EAP Gee 
PERE NI.| 


0 
0.92 0.96 100 104 1.08 


OUTPUT PULSE WIDTH 
(NORMALIZED TO MEAN VALUE FOR EACH Vpp) 


Ss so 9s 
> a @ 


RELATIVE FREQUENCY OF OCCURRENCE 


TL/F/6000-15 


FIGURE 9. Typical Normalized Distribution of Units 
for Output Pulse Width 
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WITH RESPECT TO VALUE AT Vpp=10V 





NORMALIZED PULSE WIDTH CHANGE (%) 


5 6 7 8 9 10 11 12 13 14 15 
Vop, SUPPLY VOLTAGE (VOLTS) 


TL/F/6000-17 


FIGURE 10. Typical Pulse Width Variation as a 
Function of Supply Voltage Vpp 
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TL/F/6000-19 


FIGURE 11. Typical Total Supply Current Versus 
Output Duty Cycle, Ry = 100k, C, = 50 pF, 
Cy = 100 pF, One Monostable Switching Only 
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WITH RESPECT TO 2&C VALUE AT Vpp=10V 


-10 30 7006 110—s«*150 
TA, AMBIENT TEMPERATURE (°C) 


TYPICAL NORMALIZED PULSE WIDTH ERROR (%) 


TL/F/6000-16 
FIGURE 12. Typical Pulse Width Error 
Versus Temperature 


10V 


P| TTT ax=100Ke Le 
ITE Pensa 
| 





TYPICAL NORMALIZED PULSE WIDTH ERROR (%) 
WITH RESPECT TO 28°C VALUE AT Vpp 


Ta, AMBIENT TEMPERATURE (°C) 


TL/F/6000-18 
FIGURE 13. Typical Pulse Width Error 
Versus Temperature 
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TIMING RC PRODUCT 
TL/F/6000-20 
FIGURE 14. Typical Pulse Width Versus 
Timing RC Product 





J88eSpdqd/WEsesrdad 


CD4541BM/CD4541BC 


National — 
Semiconductor 


CD4541BM/CD4541BC Programmable Timer 


General Description 


The CD4541B Programmable Timer is. designed with a 
16-stage binary counter, an integrated oscillator for use with 
an external capacitor and two resistors, output control logic, 
and a special power-on reset circuit. The special features of 
the power-on reset circuit are first, no additional static pow- 
er consumption and second, the part functions across the 
full voltage range (3V-15V) whether power-on reset is en- 
abled or disabled. 

Timing and the counter are initialized by turning on power, if 
the power-on reset is enabled. When the power is already 
on, an external reset pulse will also initialize the timing and 
counter. After either reset is accomplished, the oscillator 
frequency is determined by the external RC network. The 
16-stage counter divides the oscillator frequency by any of 4 
digitally controlled division ratios. 


Features 

B Available division ratios 28, 210, 213, or 216 

gm Increments on positive edge clock transitions 

@ Built-in low power RC oscillator (+2% accuracy over 
temperature range and +10% supply and +3% over 
processing @ < 10 kHz) 


Logic Diagram 


AN2 


8-STAGE 
© counter 28 
RESET 


POWER-ON 
RESET 


Vpp = Pin 14 
Vsg = Pin? 


Connection Diagram 


N.C.—Not connected 


Top View 


c  BSTA 
COUNT! 


Oscillator frequency range ~ DC to 100 kHz 


@ Oscillator may be bypassed if external clock is available 


GE 
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ER 


(apply external clock to pin 3) 

Automatic reset initializes all counters when power 
turns on 

External master reset totally independent of automatic 
reset operation 

Operates at 2 frequency divider or single transition 
timer 

Q/Q select provides output logic level flexibility 

Reset (auto or master) disables oscillator during reset- 
ting to provide no active power dissipation 

Clock conditioning circuit permits operation with very 
slow clock rise and fall times 

Wide supply voltage range—3.0V to 15V 

High noise immunity—0.45 Vpp (typ.) 

5V-10V-15V parameter ratings 

Symmetrical output characteristics 

Maximum input leakage 1 pA at 15V over full tempera- 
ture range 

High output drive (pin 8) min. one TTL load 


210 213 216 


0/5 
SELECT 
TL/F/6001-1 


Order Number CD4541B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/6001-2 





Absolute Maximum Ratings (notes 1 & 2) 


lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (Vpp) —0.5V to +18V 


Recommended Operating 


Conditions (note 2) 
Supply Voltage (Vpp) 
Input Voltage (Vin) 


3V to 15V 
0 to Vop 


Input Voltage (Vin) 
Storage Temperature Range (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Operating Temperature Range 


CD4541BM 
CD4541BC 


—0.5V to Vpp +0.5V 
—65°C to + 150°C 


700 mW 
500 mW 


—55°C to + 125°C 
—40°C to + 85°C 


Jd} PSPdd/Wal Psraod 


Lead Temperature (T,) (soldering, 10 sec.) 260°C 


DC Electrical Characteristics (note 2}—cp4541BM 


Parameter 


Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 
Vop = 10V, Vin = Vpp or Vss 
Vpp = 15V, Vin = Vpp or Vss 


Vpop = 5V 
Vpop = 10V_ |Iol <1 pA 
Vop = 15V 


High Level Output Voltage | Vpop = 5V 
Vpop = 10V_ |Iol < 1 pA 
Vop = 15V 


Vpp = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vop = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


Vop = SV, Vo = 0.4V 
Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 


High Level Output Current | Vpp = 5V, Vo = 2.5V 
(Note 3) Vpop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 3.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 
DC Electrical Characteristics (note ee a 


Quiescent Device Current | Vpp = 5V, Vin = Vpp or Vss 
Vpp = 10V, Vin = Vpp or Vss 
Vop = _15V, Vin = Vpp or Vss 


Low Level Output Voltage | Vpp = 5V 0.05 
Vpp = 10V_ |lo| < 1pA 0.05 
Vpp = 15V 0.05 

High Level Output Voltage | Vpp = 5V 2 4.95 4.95 
Vpp = 10V_ |lol <1 pA : 9.95 9.95 
Vpp = 15V 14,95 14.95 


Vop = BV, Vo = 0.5V or 4.5V ca 


| ssc | tec | +125 | 
a [nat [ne 


0.005 150 
0.010 300 
0.015 600 


0.05 
0.05 
0.05 


Low Level Output Voltage 


Low Level Input Voltage 


High Level Input Voltage 


Low Level Output Current 
(Note 3) 





[a 


0.005} 20 150 
0.010] 40 300 
0.015] 80 600 


0.05 
0.05 
0.05 


Low Level Input Voltage 
Vpp = 10V, Vo = 1.0V or 9.0V 
Vop = 15V, Vo = 1.5V or 13.5V 


<<<j<c<c<j<c<c< 
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CD4541BM/CD4541BC 


DC Electrical Characteristics (note 2)\—cp4541B8c — 


| [mr 
High Level Input Voltage {| Vpp = 5V, Vo = 0.5V or 4.5V 3.5 3.5 
Vop = 10V, Vo = 1.0Vor9.0V | 7.0 7.0 a 
Vop = 15V, Vo = 1.5V or 13.5V | 11.0 11.0 11.0 


Low Level Output Current | Vpp = 5V, Vo = 0.4V 1.96 3.6 1.6 
(Note 3) Vpp = 10V, Vo = 0.5V 2.66} 9.0 2.18 
Vop = 15V, Vo = 1.5V 10.4 : 8.50 


High Level Output Current | Vpp = 5V, Vo = 2.5V 4.27| 130 3.5 
(Note 3) Vpp = 10V, Vo = 9.5V 2.251 8.0 1.85 
Vpp = 15V, Vo = 13.5V 8.8 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 
AC Electrical Characteristics* Ta = 25°C, CL = 50 pF (refer to test circuits) 


symbol -—__farameter_{_conaitone _{ win | typ {| _wex_| 


ttLH Output Rise Time 
ttHL Output Fall Time 


teLy, teHL Turn-Off, Turn-On Propagation Delay, 
Clock to Q (28 Output) 


tPHL, tpLH Turn-On, Turn-Off Propagation Delay, 
Clock to Q (216 Output) 


tWH(CL) Clock Pulse Width 


fo. Clock Pulse Frequency 


twH(R) MR Pulse Width 


C, Average Input Capacitance Any Input 
Cpp Power Dissipation Capacitance (Note 4) Loos. 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Vss = OV unless otherwise specified. 
Note 3: lox and lo, are tested one output at a time. 


Note 4: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C family characteristics application note 
AN-90. 


400 
200 
150 





100 
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Truth Table 


| 5 | Auto Reset Operating Auto Reset Disabled 
l 6 | Timer Operational Master Reset On 


Output Initially Low Output Initially High 
after Reset after Reset 
Single Cycle Mode Recycle Mode 


Operating Characteristics 


With Auto Reset pin set to a “0” the counter circuit is initial- 
ized by turning on power. Or with power already on, the 
counter circuit is reset when the Master Reset pin is set toa 
“1”. Both types of reset will result in synchronously reset- 
ting all counter stages independent of counter state. 

The RC oscillator frequency is determined by the external 
RC network, i.e.: 


f if (1 KHz < f < 100 kHz) 


1 
= 2.3 RtcCtce 


and Rs ~ 2 Ric where Rg 2 10 kn 


The time select inputs (A and B) provide a two-bit address 
to output any one of four counter stages (28, 219, 213, and 
216). The 29 counts as shown in the Division Ratio Table 
represent the Q output of the Nth stage of the counter. 
When A is “1”, 216 is selected for both states of B. 


Power Dissipation Test 
Circuit and Waveforms 


PULSE 
GENERATOR 


TL/F/6001-3 


{sox DUTY eveue—_—| 


TL/F/6001-5 


Division Ratio Table 


Number of 
Counter Stages 


However, when B is “0”, normal! counting is interrupted and 
the 9th counter stage receives its clock directly from the 
oscillator (i.e., effectively outputting 28). 


The Q/Q select output control pin provides for a choice of 
output level. When the counter is in a reset condition and 
Q/Q select pin is set to a “0” the Q output is a 0”. Corre- 
spondingly, when Q/Q select pin is set to a “1” the Q output 
isa “1”. 

When the mode control pin is set to a “1”, the selected 
count is continually transmitted to the output. But, with 
mode pin “0” and after a reset condition the RS flip-flop 
resets (see Logic Diagram), counting commences and after 
2n-1 counts the RS flip-flop sets which causes the output 
to change state. Hence, after another 29-1 counts the out- 
put will not change. Thus, a Master Reset pulse must be 
applied or a change in the mode pin level is required to 
reset the single cycle operation. 


Switching Time Test 
Circuit and Waveforms 


PULSE 
GENERATOR 


TL/F/6001-4 


TL/F/6001-6 
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Jd} PSPdO/WalPsrdod 


CD4541BM/CD4541BC 


Operating Characteristics (continue) 
Oscillator Circuit Using RC Configuration 


Typical RC Oscillator 
A Characteristics 


FREQUENCY DEVIATION (%) 


-§5 -25 O 25 


75 


Ta, AMBIENT TEMPERATURE (°C) 


Solid Line = Rtc = 56kN, Rg = 1k andC = 1000 pF 
f = 10.2 kHz @ Vop = 10V and Ta = 25°C 

Dashed Line = Rtco = 56k, Rg = 120kN andC = 
f = 7.75 kHz @ Vop = 10V and Ta = 


1000 pF 
25°C 


TL/F/6001-7 


RC Oscillator Frequency asa 
Function of Rrc and C 


100 —————— ee 


‘sae 
CP SLL 


~ 
wi 
= 
= 
= 
> 
o 
= 
Wi 
2 
i= J 
wi 
[4 
ire 
cc 
o 
5 
a 
= 
o 
a” 
o 
-_ 


10k 100k 
Rtc, RESISTANCE (OHMS) 
0.0001 0.001 0.01 


TL/F/6001-8 C, CAPACITANCE (wF) 


Line A: f as a function of C and (Rtc = 56 kN; Rg = 120k) 
Line B: f as a function of Rr¢ and (C = 100 pF; Rs = 2 Ric) 
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National 
Semiconductor 


CD4543BM/CD4543BC BCD-to-7-Segment 
Latch/Decoder/Driver for Liquid Crystals 


General Description 


The CD4543BM/CD45438C is a monolithic CMOS BCD-to- 
7-segment latch/decoder/driver for use with liquid crystal 
and other types of displays. The circuit provides the func- 
tions of a 4-bit storage latch and an 8421 BCD-to-7-seg- 
ment decoder and driver. The device has the capability to 
invert the logic levels of the output combination. The phase 
(Ph), blanking (BI) and latch disable (LD) inputs are used to 
reverse the truth table phase, blank the display, and store a 
BCD code, respectively. For liquid crystal (LC) readouts, a 
square wave is applied to the Ph input of the circuit and the 
electrically common backplane of the display, and the out- 
puts of the circuit are connected directly to the segments of 
the LC readout. For other types of readouts, such as light- 
emitting diode (LED), incandescent, gas discharge, and flu- 
orescent readouts, connection diagrams are given on this 
data sheet. 


All inputs are protected against static discharge by diode 
clamps to Vpp and Vss. 


Connection Diagram and Truth Table 


Dual-In-Line Package 


BI Vg 
TL/F/6002-1 
Top View 


Order Number CD4543B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 





Features 

m Wide supply voltage range 

@ High noise immunity 

m@ Low power TTL 
compatibility 

m Low power dissipation 


3.0V to 18V 
0.45 Vpp (typ.) 
Fan out of 2 driving 74L 
or 1 driving 74LS 
50 nA/package (typ.) 
at Vpp =5.0V 
B Latch storage 
g@ Blanking input 
m@ Blank for all illegal inputs 
 Direct-drive LCD, LED and VF displays 
a Pin-for-pin replacement for CD4056B (with pin 7 tied to 
Vss) 
m Pin-for-pin replacement for Motorola MC14543B 


Applications 

g instrument (e.g., counter, DVM, etc.) display driver 
m Computer/calculator display driver 

@ Cockput display driver 

g@ Various clock, watch, and timer users 


ja[eoeo|oooo|eooo[ooce|-[@ 


Inverse of Output Display 
Combinations Above as Above 


+ 
+ 


| inputs | 
[Phe | 
| 0 | 
0 
0 
) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
wl 


X = Don't care 
+t = Above combinations 
* = For liquid crystal readouts, apply a square wave to Ph. 
For common cathode LED readouts, select Ph = 0. 
For common anode LED readouts, select Ph = 1. 
** = Depends upon the BCD code previously applied when LD = 1. 


Display Format 


TL/F/6002-2 
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CD4543BM/CD4543BC 


Absolute Maximum Ratings (notes 1 & 2) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions (note 2) 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. ‘a ser airs op) ae 1S Ms 
DC Supply Voltage (Vpp) —0.5 Voc to +18 Voc pte . son IN) seamauedo © Voc to Von Voc 
erating Temperature Range 

Input Voltage (Vin) ~0.5 Vp to Vpp + 0.5 Vc pipe ag NO saben Ecnead 
Storage Temp. Range (Ts) —65°C to + 150°C CD4543BC —A0°C to +85°C 
Power Dissipation (Pp) 

Dual-In-Line ; 700 mW 

Small Outline 500 mw 
Lead Temperature (T,) 

(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics cp45438m (Note 2) 


Parameter Conditions | src | +25 + 125°C Units 
j_arameter | Comations gS am Dae i 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 150 
Current Vop = 10V, Vin = Vpp or Vss 300 
Vop = 15V, Vin = Vpp or Vss 600 


Low Level Vop = 5V 0.05 0.05 0.05 
Output Voltage Vpp = 10V lol < 1 pA 0.05 0.05 0.05 
Vop = 15V 0.05 0.05 0.05 
High Level Vop = 5V 4.95 4.95 4.95 
Output Voltage | Vpp = 10V lol < 1 pA 9.95 9.95 9,95 
Vpp = 15V 14.95 14.95 14.95 
1.5 
3.0 : 





Vpp = 5V, Vo = 0.5V or 4.5V 1.5 
Vpp = 10V, Vo = 1V or 9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1V or 9V 
Vop = 15V, Vo = 1.5V or 13.5V 
Vop = 5V, Vo = 0.4V 

Vpp = 10V, Vo = 0.5V 

Vop = 15V, Vo = 1.5V 


1.5 
3.0 





Vpp = 10V, Vo = 9.5V 
Vop = 16V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 


Quiescent Device | Vpp = 5V, Vin = Vpp or Vss 
Current Vpp = 10V, Vin = Vpp or Vss 40 
Vpp = 15V, Vin = Vpp or Vss 80 


Low Level Vpp = 5V 0.05 
Output Voltage Vpp = 10V lo] < 1 pA 0.05 
Vop = 15V 0.05 
High Level Vop = 5V 4.95 4.95 
Output Voltage Vpp = 10V lo] < 1 pA 9.95 9.95 
Vop = 15V 14.95 14,95 
3 


Low Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vop = 10V, Vo = 1V or 9V 
Vpp = 15V, Vo = 1.5V or 13.5V 


High Level Vop = 5V, Vo = 0.5V or 4.5V 
Input Voltage Vop = 10V, Vo = 1Vor9V 
Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current (Note 3) Vop = 10V, Vo = 0.5V 
Vop = 15V, Vo = 1.5V 





DC Electrical Characteristics cp4543Bc (Note 2) (Continued) 


Parameter Conditions + 85°C 
ee eee ee rae aid 


High Level Output | Vop = 5V, Vo = 4.6V 
Current (Note 3) Vop = 10V, Vo = 9.5V 
Vop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 
Vop = 15V, Vin = 15V 
AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, Vsg = 0, unless otherwise specified 


Symbol Conditions mm | typ ex | Units 


tr Output Rise Time 100 
65 
80 


200 
100 
80 


tpLH Turn-ON Propagation = 450 1100 
Delay Time = 170 440 
= 110 330 


Output Fall Time 


tpHL Turn-OFF Propagation 1100 
Delay Time a 440 
120 330 
6 
= 20 
“ _ | fa] es 
= . 
PWip Latch Disable = 
Pulse Width = i 


Cin | InputCapacitanceo = si Capacitance 


| Ts | zs | 
Cpp Power Dissipation Capacitance ee Cpp Measurement 
Waveforms (Note 4) 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and Electrical Characteristics” provide conditions for actual device 
operation. 

Note 2: Vsg = OV unless otherwise specified. 

Note 3: lo} and Io, are tested one output at a time. 

Note 4: Cpp determines the no load AC power consumption of a CMOS device. For a complete explanation, see “MM54C/74C Family Characteristics” Application 
Note AN-90. 


tseT-up Set-Up Time 
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OdErSPdd/WEersraod 


CD4543BM/CD4543BC 


Logic Diagram 


Vop = Pin 16 
Vsg = Pin 8 


it 


5G 


i 
af 
isi 


; TL/F/6002-3 
*Transmission gates 


Typical Applications 


Liquid Crystal (LC) Readout Incandescent Readout 


APPROPRIATE 


CD45438 VOLTAGE 


OUTPUT 1 OF 7 SEGMENTS 
Ph 


COMMON 
= * BACKPLANE 


SQUARE WAVE 
C04543B 
(Yss TO Vpp) OUTPUT 
TL/F/6002-4 Ph 


= Vss 
TL/F/6002-5 


Light Emitting Diode (LED) Readout 


CD45438 
OUTPUT 


Ph 
C04543B 


OUTPUT 
Ph 


TL/F/6002-6 
Note: Bipolar transitors may be added for gain (for Vpp < 10V orloyt = 10 mA) 
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Typical Applications (Continued) 


Fluorescent Readout Gas Discharge Readout 


APPROPRIATE 


OUTPUT 


JderSrdd/NEersrad 


CD4543B 
OUTPUT 


at Vo OR APPROPRIATE 
VOLTAGE BELOW Vcc 


TL/F/6002-7 
TL/F/6002-8 


3-Digit DVM with LCD Display 


ico 
DISPLAY 
BACK PLANE 


D3 02 01 06 abcdefg 


me FD 
SIGN ADC3501/ADC3701 OFL 





0.1 uF 


= 


TL/F/6002-9 
Display 9.999 when overflowed. All digits can also be blanked at overflow by typing OFL to BI on the CD4543’s. 
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CD4543BM/CD4543BC 


Switching Time Waveforms 


Cpp Measurement Waveforms 


A,BANOC 


ANY OUTPUT 


TL/F/6002-10 


Inputs Bl and Ph low, and inputs D and LD high. f in respect 
to a system clock. 
All outputs connected to respective C, loads. 


Dynamic Signal Waveforms 


Yoo 
LD 


Vss 


TL/F/6002-11 


TL/F/6002-12 


(a) Inputs D, Ph and BI Low, and Inputs A, B and LD High (b) (Inputs D, Ph and BI Low, and Inputs A and B High 


50% 


PWLo 
‘ TL/F/6002-13 
(c) Data DCBA Strobe into Latches 
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National 
Semiconductor 


CD4723BM/CD4723BC Dual 4-Bit Addressable Latch 
CD4724BM/CD4724BC 8-Bit Addressable Latch 


General Description 


The CD4723B is a dual 4-bit addressable latch with com- 
mon control inputs, including two address inputs (AO, A1), 
an active low enable input (E), and an active high clear input 
(CL). Each latch has a data input (D) and four outputs (QO0- 
Q3). The CD4724B is an 8-bit addressable latch with three 
address inputs (AO-A2), an active low enable input (E), ac- 
tive high clear input (CL), a data input (D) and eight outputs 
(Q0-Q7). 

Data is entered into a particular bit in the latch when that is 
addressed by the address inputs and the enable (E) is low. 
Data entry is inhibited when enable (E) is high. 


When clear (CL) and enable (E) are high, all outputs are low. 
When clear (CL) is high and enable (E) is low, the channel 
demultiplexing occurs. The bit that is addressed has an ac- 
tive output which follows the data input while all unad- 
dressed bits are held low. When operating in the address- 


Connection Diagrams 


CD4723B 
Dual-In-Line Package 


TL/F/6003-1 
Top View 


Truth Table 


able latch mode (E = CL = low), changing more than one 
bit of the address could impose a transient wrong address. 
Therefore, this should only be done while in the memory 
mode (E = high, CL = low). 


Features 

m Wide supply voltage range 

@ High noise immunity 

mg Low power TTL 
compatibility 

m Serial to parallel capability 

m Storage register capability 

mw Random (addressable) data entry 

m Active high demultiplexing capability 

@ Common active high clear 


3.0V to 15V 


0.45 Vpp (typ.) 
fan out of 2 driving 74L 
or 1 driving 74LS 


-CD4724B 
Dual-In-Line Package 


Order Number CD4723B* or 
CD4724B* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/6003-2 


Top View 


Mode Selection 


CL Addressed Unaddressed 
Latch Latch 


Follows Data 

Hold Previous Data 
Follows Data 
Reset to ‘0” 


Holds Previous Data 
Holds Previous Data 
Reset to ‘‘0” 
Reset to ‘0” 


Addressable Latch 
Memory 
Demultiplexer 
Clear 
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CD4723BM/CD4723BC/CD4724BM/CD4724BC 


Absolute Maximum Ratings (notes 1 & 2) 


f Military/Aerospace specifled devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


DC Supply Voltage (Vpp) 
Input Voltage (Vin) 
Storage Temperature (Ts) 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


—0.5V to +18 Voc 
—0.5V to Vpp + 0.5 Voc 
—65°C to + 150°C 


700 mW 
500 mW 


260°C 


Recommended Operating 


Conditions (Note 2) 
DC Supply Voltage (Vpp) 
Input Voltage (Vin) 


Operating Temperature Range (Ta) 
CD4723BM/CD4724BM 
CD4723BC/CD4724BCG 


3.0V to 15 Vpc 
OV to Vpp Voc 


—55°C to + 126°C 
—40°C to + 85°C 


DC Electrical Characteristics cp47238m/cp4724BM (Note 2) 


ee es 


Quiescent Device | Vpp = 5V 
Current 


Low Level 
Output Voltage 


lol $ 1 pA 
Vop = 5V 

Vop = 10V 
Vpp = 15V 


llol S 1 pA 
Vpp = 5V 

Vpop = 10V 
Vop = 15V 


Vop = 5V, Vo = 0.5V or 4.5V 
Vpp = 10V, Vo = 1Vor9V 


High Level 
Output Voltage 


Low Level 
Input Voltage 


Vpp = 15V, Vo = 1.5V or 13.5V 


High Level 
Input Voltage 


Vop = 5V, Vo = 0.5V or 4.5V 
Vpop = 10V, Vo = 1VorgV 


Vop = 15V, Vo = 1.5V or 13.5V 


Low Level Output | Vpp = 5V, Vo = 0.4V 
Current Vpop = 10V, Vo = 0.5V 


(Note 3) Vpp = 15V, Vo = 1.5V 


High Level Output | Vpp = 5V, Vo = 4.6V 
Current Vpp = 10V, Vo = 9.5V 
(Note 3) Vpop = 15V, Vo = 13.5V 


Input Current Vop = 15V, Vin = OV 


Vpp = 15V, Vin = 15V 


0.02 
0.02 
0.02 


150 


<<<j<<c</[<<< 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of ‘Recommended Operating Conditions” and Electrical Characteristics” provide conditions for actual device 


operation. 
Note 2: Vss = OV unless otherwise specified. 
Note 3: lo, and Igy are tested one output at a time. 
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DC Electrical Characteristics cp47238c/cp47248¢ (Note 2) 


Quiescent Device | Vpop = 5V 
Current Vop = 10V 
Vop = 15V 


Low Level lol < 1 pA 

Output Voltage Vop = 5V 
Vop = 10V 
Vpp = 15V 


High Level llol <1 pA 

Output Voltage Vop = 5V 
Vop = 10V 
Vop = 15V 


Low Level Vpp = 5V, Vo = 0.5V or 4.5V 2.25 1.5 
Input Voltage Vpp = 10V, Vo = 1Vor9gV 4.5 3.0 
Vop = 15V, Vo = 1.5V or 13.5V 6.75 


4.0 

High Level Vop = 5V, Vo = 0.5V or 4.5V 5 ; 2.75 

Input Voltage Vop = 10V, Vo = 1Vor9V “| : 5.5 
Vpp = 15V, Vo = 1.5V or 13.5V 

Low Level Output | Vpp = 5V, Vo = 0.4V : 0.88 

Current Vpp = 10V, Vo = 0.5V : : 2.25 

(Note 3) Vpp = 15V, Vo = 1.5V 


High Level Output | Vpp = 5V, Vo = 4.6V 
Current Vpp = 10V, Vo = 9.5V : : —0.9 
(Note 3) Vop = 15V, Vo = 13.5V —2.4 


08b2Z709/Ware.pdd/Dge&2Zpdo/INGEZZPdD 


<<< j<<</<<< 





Input Current Vop = 15V, Vin = OV —0.30 —10-5] —0.30 
Vop = 15V, Vin = 15V 0.30 10-5 | 0.30 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and Electrical Characteristics” provide conditions for actual device 
operation. : 


Note 2: Vss = OV unless otherwise specified. 
Note 3: Io, and lox are tested one output at a time. 
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CD4723BM/CD4723BC/CD4724BM/CD4724BC 


AC Electrical Characteristics* 
Ta = 25°C, C_ = 50 pF, RL = 200k, Input t, = ts = 20 ns, unless otherwise noted 


Symbol Conditions jw | typ | on Units 


tPHL, tPLH Propagation Delay 
Data to Output 


tpLH, tpHL Propagation Delay 
Enable to Output 


tpHL Propagation Delay 
Clear to Output 


tery, tPHL Propagation Delay 
Address to Output 


trHL trLy Transition Time 
(Any Output) 


TwH TWL Minimum Data 
Pulse Width 


twH, twL Minimum Address 
Pulse Width 


twH Minimum Clear 
Pulse Width 


tsu Minimum Setup Time 
Data to E 


Minimum Hold Time 
Data toE 


Minimum Setup Time 
Address to E 


Minimum Hold Time 
Address to E 


Cpp Power Dissipation Per Package 
Capacitance (Note 4) 
Input Capacitance Any Input a ez ae 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and Electrical Characteristics” provide conditions for actual device 
Operation. 


Note 2: Vsg = OV unless otherwise specified. 
Note 3: lo. and lop are tested one output at a time. 


Note 4: Dynamic power dissipation (Pp) is given by: Pp = (Cpp + C1.) Voc2f + Pa; where C_ = load capacitance; f = frequency of operation; for further details, 
see Application Note AN-90, '54C/74C Family Characteristics”. 
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CD4723BM/CD4723BC/CD4724BM/CD4724BC 


Z 5 3 Zz 
A A A A A 


Ji OLA On A al 


a 
x] 
N 
led 
zt 
a 
oO 


Logic Diagrams 
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CD4723BM/CD4723BC/CD4724BM/CD4724BC 


Logic Diagrams (continued) 
CD4724B 


tL—{>0 >0 
poet e+ 


ir 
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CD4723BM/CD4723BC/CD4724BM/CD4724BC 
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Section 6 
MM54CXXX/MM74CXXX 





Section 6 Contents 


ADC0808, ADC0809 8-Bit .P Compatible A/D Converters with 8-Channel Multiplexer 
ADC0816, ADC0817 8-Bit 1.P Compatible A/D Converters with 16-Channel Multiplexer 
ADC0829 p.P Compatible 8-Bit A/D with 11-Channel MUX/Digital Input 
ADC3511 31-Digit Microprocessor Compatible A/D Converter 
ADC3711 33/,-Digit Microprocessor Compatible A/D Converter 
ADD3501 314-Digit DVM with Multiplexed 7-Segment Output 

ADD3701 3%3/-Digit DVM with Multiplexed 7-Segment Output 
MM54C00/MM74C00 Quad 2-Input NAND Gate 

MM54C02/MM74C02 Quad 2-Input NOR Gate 

MM54C04/MM74C04 Hex Inverter 

MM54G10/MM74C10 Triple 3-Input NAND Gate 

MM54C20/MM74C20 Dual 4-Input NAND Gate 

MM54C08/MM74C08 Quad 2-Input AND Gate 

MM54C14/MM74C14 Hex Schmitt Trigger 

MM54C30/MM74C30 8-Input NAND Gate 

MM54C32/MM74C32 Quad 2-Input OR Gate 

MM54C42/MM74C42 BCD-to-Decimal Decoder 

MM54C48/MM74C48 BCD-to-7-Segment Decoder 
MM54C73/MM74C73 Dual J-K Flip-Flops with Clear and Preset 
MM54C76/MM74C76 Dual J-K Flip-Flops with Clear and Preset 
MM54C107/MM74C107 Dual J-K Flip-Flops with Clear and Preset 
MM54C74/MM74C74 Dual D Flip-Flop 

MM54C83/MM74C83 4-Bit Binary Full Adder 

MM54C85/MM74C85 4-Bit Magnitude Comparator 
MM54C86/MM74C86 Quad 2-Input EXCLUSIVE-OR Gate 
MM54C89/MM74C89 64-Bit (16 x 4) TRISTATE Random Access Memory 
MM54C90/MM74C90 4-Bit Decade Counter 

MM54C93/MM74C93 4-Bit Binary Counter 

MM54C95/MM74C95 4-Bit Right-Shift/Left-Shift Register 
MM54C0150/MM74C150 16-Line to 1-Line Multiplexer 
MM72C19/MM82C19 TRI-STATE 16-Line to 1-Line Multiplexer 
MM54C151/MM74C151 8-Channel Digital Multiplexer 
MM54C154/MM74C 154 4-Line to 16-Line Decoder/Demultiplexer 
MM54C157/MM74C157 Quad 2-Input Multiplexer 
MM54C160/MM74C160 Decade Counter with Asynchronous Clear 
MM54C161/MM74C161 Binary Counter with Asynchronous Clear 
MM54C162/MM74C162 Decade Counter with Synchronous Clear 
MM54C163/MM74C163 Binary Counter with Synchronous Clear 
MM54C164/MM74C164 8-Bit Parallel-Out Serial Shift Register 
MM54C165/MM74C165 Parallel-Load 8-Bit Shift Register 
MM54C173/MM74C173 TRI-STATE Quad D Flip-Flop 
MM54C174/MM74C174 Hex D Flip-Flop 

MM54C175/MM74C175 Quad D Flip-Flop 

MM54C192/MM74C192 Synchronous 4-Bit Up/Down Decade Counter 
MM54C193/MM74C193 Synchronous 4-Bit Up/Down Binary Counter 
MM54C195/MM74C195 4-Bit Register 

MM54C200/MM74C200 256-Bit TRISTATE Random Access Read/Write Memory 
MM54C221/MM74C221 Dual Monostable Multivibrator 





Section 6 Contents (continued) 


MM54C240/MM74C240 Octal Buffers and Line Drivers with 
TRI-STATE Outputs (Inverting) 
MM54C244/MM74C244 Octal Buffers and Line Drivers with 
TRI-STATE Outputs (Non-Inverting) 
MM54C373/MM74C373 Octal Latch with TRI-STATE Outputs 
MM54C374/MM74C374 Octal D-Type Flip-Flop with TRI-STATE Outputs 
MM54C901/MM74C901 Hex Inverting TTL Buffer 
MM54C902/MM74C902 Hex Non-inverting TTL Buffers 
MM54C903/MM74C903 Hex Inverting CMOS Buffer 
MM54C904/MM74C904 Hex Non-Inverting CMOS Buffers 
MM54C905/MM74C905 12-Bit Successive Approximation Register 
MM54CS06/MM74CS906 Hex Open Drain N-Channel Buffer 
MM54C907/MM74C907 Hex Open Drain P-Channel Buffer 
MM54C910/MM74C910 256-Bit TRI-STATE Random Access Read/Write Memory 
MM54C914/MM74C914 Hex Schmitt Trigger with Extended Input Voltage 
MM54C915/MM74C915 7-Segment-to-BCD Converter 
MM54C922/MM74C922 16-Key Keyboard Encoder 
MM54C923/MM74C923 20-Key Keyboard Encoder 
MM54C932/MM74C932 Phase Comparator 
MM54C941/MM74C941 Octal Buffers/Line Receivers/Line Drivers with 
TRI-STATE Outputs 
MM54C989/MM74C989 64-Bit (16 x 4) TRI-STATE Random Access Memory 
MM70C95/MM80C95 TRI-STATE Hex Buffers 
MM70C96/MM80C96 TRI-STATE Hex Inverters 
MM70C97/MM80C97 TRI-STATE Hex Buffers 
MM70C98/MM80C98 TRI-STATE Hex Inverters 
MM74C908 Dual CMOS 30 Volt Relay Driver 
MM74C918 Dual CMOS 30 Volt Relay Driver 
MM74C911 4-Digit LED Display Controller 
MM74C912 6-Digit BCD LED Display Controller/Driver 
MM74C917 6-Digit Hex LED Display Controller/Driver 
MM74C925 4-Digit Counter with Multiplexed 7-Segment Output Driver 
MM74C926 4-Digit Counter with Multiplexed 7-Segment Output Driver 
MM74C927 4-Digit Counter with Multiplexed 7-Segment Output Driver 
MM74C928 4-Digit Counter with Multiplexed 7-Segment Output Driver 
MM74C945 4-Digit LCD Up Counter/Latch/Decoder/Driver 
MM74C947 4-Digit LCD Up-Down Counter/Latch/Decoder/Driver 
MM74C946 414-Digit LCD Up-Down Counter/Latch/Driver for LCD Displays 
MM74C956 4-Digit LED Alphanumeric Display Controller Driver (17-Segment) 
MM78C29/MM88C29 Quad Single-Ended Line Driver 
MM78C30/MM88C30 Dual Differential Line Driver 





National 
Semiconductor 


ADC0808, ADC0809 8-Bit ,.P Compatible A/D Converters 
with 8-Channel Multiplexer 


General Description 


The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 8-channel multiplexer and microprocessor compati- 
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog signals. 


The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 


The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADCO808, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For 16- 
channel multiplexer with common output (sample/hold port) 
see ADC0816 data sheet. (See AN-247 for more informa- 
tion.) 


Block Diagram 


§ CHANNELS 
MULTIPLEXING 


SWITCHES 


8 ANALOG INPUTS 


COMPARATOR 


a 


3-BIT ADDRESS { 0 
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Features 

m Easy interface to all microprocessors 

m Operates ratiometrically or with 5 Vpc or analog span 
adjusted voltage reference 

m@ No zero or full-scale adjust required 

m@ 8-channel multiplexer with address logic 

m OV to 5V input range with single 5V power supply 

@ Outputs meet TTL voltage level specifications 

mw Standard hermetic or molded 28-pin DIP package 

@ 28-pin molded chip carrier package 

m ADCO0808 equivalent to MM74C949 

m ADC0809 equivalent to MM74C949-1 


Key Specifications 
m@ Resolution 

@ Total Unadjusted Error 

@ Single Supply 

m@ Low Power 

mg Conversion Time 


8 Bits 

+'% LSB and +1 LSB 
5 Voc 

15 mW 

100 ps 


START 


CLOCK 


> END OF CONVERSION 
(INTERRUPT) 


OUTPUT 
LATCH 
BUFFER 


8-BIT OUTPUTS 


f 


See Ordering 
Information 


REF(-) OUTPUT 
ENABLE 


TL/H/5672-1 





608000V/808000V 





ADC0816/ADC0817 
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ADC0816, ADC0817 8-Bit .P Compatible A/D Converters 


with 16-Channel Multiplexer 


General Description 


The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 16-channel multiplexer and microprocessor compati- 
ble contro! logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 16-channel multiplexer can 
directly access any one of 16-single-ended analog signals, 
and provides the logic for additional channel expansion. Sig- 
nal conditioning of any analog input signal is eased by direct 
access to the multiplexer output, and to the input of the 8-bit 
A/D converter. 


The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 


The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0816, ADC0817 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For simi- 
lar performance in an 8-channel, 28-pin, 8-bit A/D convert- 
er, see the ADCO808, ADC0809 data sheet. (See AN-258 
for more information.) 


Block Diagram 


COMPARATOR IN 


MULTIPLEXER = 9... 
OUT 


16 CHANNELS 
MULTIPLEXING 
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Features 

@ Easy interface to all microprocessors, or operates 
“stand alone” 

@ Operates ratiometrically or with 5 Vpc or analog span 
adjusted voltage reference 

@ 16-channel multiplexer with latched contro! logic 

# Outputs meet TTL voltage level specifications 

m@ OV to 5V analog input voltage range with single 5V sup- 
ply 

@ No zero or full-scale adjust required 

@ Standard hermetic or molded 40-pin DIP package 

w Temperature range —40°C to +85°C or —55°C to 
+125°C 

w@ Latched TRI-STATE output 

@ Direct access to “comparator in” and “multiplexer out’ 
for signal conditioning 

m ADC0816 equivalent to MM74C948 

m@ ADC0817 equivalent to MM74C948-1 


Key Specifications 
w Resolution 

m@ Total Unadjusted Error 

m@ Single Supply 

@ Low Power 

@ Conversion Time 


8 Bits 

+¥% LSB and +1 LSB 
5 Voc 

15 mW 

100 ps 


START CLOCK 


¢ END OF CONVERSION 
(INTERRUPT) 


8-BIT OUTPUTS 
BUFFER 


OUTPUT 
D ENABLE 
TL/H/5277-1 
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6c8000V 


ADC0829 .P Compatible 8-Bit A/D 
with 11-Channel MUX/Digital Input 


General Description 


The ADC0829 is an 8-bit successive approximation A/D 
converter with an 11-channel multiplexer of which six can 
be used as digital inputs, as well as, analog inputs. 


This A/D is designed to operate from the »P data bus using 
a single 5V supply. 
Channel selection, conversion control, software configura- 
tion and bus interface logic are all contained on this mono- 
lithic CMOS device. 


This device contains three 16-bit registers which are ac- 
cessed via double byte instructions. The control register is a 
write only register which controls the start of a new conver- 
sion, selects the channel to be converted, configures the 8- 
bit 1/O port as input or output, and provides information for 
the 8-bit output register. 


The conversion results register is a read only register which 
contains the current status and most recent conversion re- 
sults. The discrete input register is also a read only register 
which contains the four address bits of the selected chan- 
nel, and the six discrete inputs which are connected to the 
analog multiplexer. 


Connection and Block Diagrams 


omonrt OM F WP = 


P3(CH9) 
P4(CH6) 
P5 (CH7) 
RESET 
TL/H/5508-1 
Top View 


Ordering Information 


+ 1/2 Bit Unadjusted ADC0829BCN 
+ 1 Bit Unadjusted ADC0829CCN 





Package Outline 


N28B 





Features 

m Easy interface to all 
“stand alone” 

m™ Operates ratiometrically or with analog span adjusted 
voltage reference 

m 11-Channel multiplexer with latched control logic of 
which six can be used as digital inputs 

@ 0 to 5V analog input range with single 5V supply 

m TTL/MOS input/output compatible 

m No zero or full scale adjusts required 

m Standard 28-pin DIP 

m Temperature range —40°C to +85°C 

m ADC0829 equivalent to MM74C934 


microprocessors or operates 


Key Specification 
m Resolution 

@ Total Unadjusted Error 

m™ Conversion Time 

m Single Supply 

m Low Power 


8 Bits 

+¥% LSB and +1 LSB 
256 us 

5Vpc 

50 mW 


La 8-BIT A/D 
SUCCESSIVE 


APPROXIMATION 


ANALOG 
DATA 
REGISTER 
(READ ONLY) 


OIGITAL 
DATA CONTROL 


REGISTER REGISTER 
(READ ONLY) 


(WRITE ONLY) 


TL/H/5508-2 





ADC3511/ADC3711 


National 
Semiconductor 


PRELIMINARY 


ADC3511 31,-Digit Microprocessor Compatible A/D 
Converter 
ADC3711 3%/,-Digit Microprocessor Compatible A/D 
Converter 


General Description 


The ADC3511 and ADC3711 (MM74C937, MM74C938-1) 
monolithic A/D converter circuits are manufactured using 
standard complementary MOS (CMOS) technology. A pulse 
modulation analog-to-digital conversion technique is used 
and requires no external precision components. In addition, 
this technique allows the use of a reference voltage that is 
the same polarity as the input voltage. 


One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and indicated on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 


The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available. 

The ADC3511 and ADC3711 have been designed to pro- 
vide addressed BCD data and are intended for use with 
microprocessors and other digital systems. BCD digits are 
selected on demand via 2 Digit Select (DO, D1) inputs. Digit 
Select inputs are latched by a low-to-high transition on the 
Digit Latch Enable (DLE) input and will remain latched as 
long as DLE remains high. A start conversion input and a 


Connection Diagram 


conversion complete output are included on both the 
ADC3511 and the ADC3711. 


Features 

m™ Operates from single 5V supply 

m ADC3511 converts 0 to +1999 counts 

m ADC3711 converts 0 to +3999 counts 

m Addressed BCD outputs 

@ No external precision components necessary 

m Easily interfaced to microprocessors or other digital 
systems 

m Medium speed—200 ms/conversion 

m@ TTL compatible 

@ Internal clock set with RC network or driven externally 

m@ Overflow indicated by hex “EEEE” output reading as 
well as an overflow output 

m ADC3511 equivalent to MM74C937 

@ ADC3711 equivalent to MM74C938-1 


Applications 

@ Low cost analog-to-digital converter 

@ Eliminate analog multiplexing by using remote 
A/D converters 

w@ Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital transducers 


Dual-in-Line Package 
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2 

23 

OVERFLOW 
CONVERSION COMPLETE 
START CONVERSION 
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VFILTER 

Vin(-) 

VaN(+) 


VeB 


TOP VIEW 


Order Number ADC3511CCN 
or ADC3711CCN 
NS Package N24A 


ANALOG GND 


TL/H/5678-1 





National 
Semiconductor 


ADD3501 314 Digit DVM with 
Multiplexed 7-Segment Output 


General Description 


The ADD3501 monolithic DVM circuit is manufactured using 
standard complementary MOS (CMOS) technology. A pulse 
modulation analog-to-digital conversion technique is used 
and requires no external precision components. In addition, 
this technique allows the use of a reference voltage that is 
the same polarity as the input voltage. 


One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 


The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the A/D conversion timing to eliminate noise due to 
power supply transients. 


The ADD3501 has been designed to drive 7-segment multi- 
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over- 
range, the overflow output will go high and the display will 
read +OFL or —OFL, depending on whether the input volt- 
age is positive or negative. In addition to this, the most sig- 
nificant digit is blanked when zero. 


A start conversion input and a conversion complete output 
are included on all 4 versions of this product. 


Connection Diagram 
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Order Number ADD3501CCN 


ADD3501 


Features 

Operates from single 5V supply 

Converts OV to +1.999V 

Multiplexed 7-segment 

Drives segments directly 

No external! precision component necessary 

Accuracy specified over temperature 

Medium speed - 200ms/conversion 

Internal clock set with RC network or driven externally 
Overrange Indicated by +OFL or —OFL display read- 
ing and OFLO output 

Analog inputs in applications shown can withstand 
+200 Volts 

@ ADD3501 equivalent to MM74C935 


Applications 

m Low cost digital power supply readouts 

@ Low cost digital multimeters 

m Low cost digital panel meters 

g Eliminate analog multiplexing by using remote A/D con- 
verters 

m@ Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital transducers 


Sy 

GNO 
DIGIT 1 (MSD) 
DIGIT 2 
DIGIT 3 
DIGIT 4 (LSD) 
fouT 

fIN 

VREF 

swi 

sw2 
ANALOG GND 


TL/H/5681-1 


See NS Package Number N28B 
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ADD3701 


National 
Semiconductor 


ADD3701 3%/, Digit DVM with Multiplexed 7-Segment 


Output 


General Description 


The ADD3701 (MM74C936-1) monolithic DVM circuit is 
manufactured using standard complementary MOS (CMOS) 
technology. A pulse modulation analog-to-digital conversion 
technique is used and requires no external precision com- 
ponents. In addition, this technique allows the use of a refer- 
ence voltage that is the same polarity as the input voltage. 


One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 


The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the A/D conversion timing to eliminate noise due to 
power supply transients. 


The ADD3701 has been designed to drive 7-segment multi- 
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over- 
range, the overflow output will go high and the display will 
read +OFL or —OFL, depending on whether the input volt- 
age is positive or negative. In addition to this, the most sig- 
nificant digit is blanked when zero. 


A start conversion input and a conversion complete output 
are included. 


Connection Diagram 
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ADD3701 


Features 

m™ Operates from single 5V supply 

@ Converts 0 to +3999 counts 

@ Multiplexed 7-segment 

w Drives segments directly 

m No external precision components necessary 

m Accuracy specified over temperature 

m Medium speed — 400 ms/conversion 

@ Internal clock set with RC network or driven externally 

@ Overrange indicated by +OFL or —OFL display read- 
ing and OFLO output 

@ Analog inputs in applications shown can withstand 
+200 Volts 

m ADD3701 equivalent to MM74C936-1 


Applications 

m Low cost digital power supply readouts 

@ Low cost digital multimeters 

m Low cost digital panel meters 

m Eliminate analog multiplexing by using remote A/D con- 
verters 

m Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital ttansducers 

m Indicators and displays requiring readout up to 3999 
counts 


DIGIT 1 (MSO) 
DIGIT 2 
DIGIT 3 
DIGIT 4 (LSD) 


TL/H/5682-1 


Order Number ADD3701CCN 
See NS Package Number N28B 





National 
Semiconductor 


MM54C00/MM74C00 Quad 2-Input NAND Gate 
MM54C02/MM74C02 Quad 2-Input NOR Gate 
MM54C04/MM74C04 Hex Inverter 

MM54C 10/MM74C10 Triple 3-Input NAND Gate 
MM54C20/MM74C20 Dual 4-Input NAND Gate 


General Description Features 

These logic gates employ complementary MOS (CMOS) to ™ Wide supply voltage range 3V to 15V 
achieve wide power supply operating range, low power con- m Guaranteed noise margin 

sumption, high noise immunity and symmetric controlled =m High noise immunity 0.45 Voc (typ.) 
rise and fall times. With features such as this the 54C/74C ~~ _ Low power consumption 10 nW/package (typ.) 
logic family is close to ideal for use in digital systems. Func- gy Low power Fan out of 2 
tion and pin out compatibility with series 54/74 devices mini- TTL compatibility driving 74L 


mizes design time for those designers already familiar with 
the standard 54/74 logic family. 


All inputs are protected from damage due to static dis- 
charge by diode clamps to Vcc and GND. 


Connection Diagrams 
Dual-In-Line Packages 
MM54C00/MM74C00 MM54C02/MM74C02 MM54C04/MM74C04 


Vee Vec Voc 
14 |13 412 411 110 19 8 1 13 412 441 410 49) «18 





6 7 5 le 7 6 7 
GND GND GND 
TL/F/5877-1 TL/F/5877-2 TL/F/5877-3 
Top View Top View Top View 
Order Number MM54C00* or Order Number MM54C02* or Order Number MM54C04* 
MM74C00* MM74C02* or MM74C04* 
MM54C10/MM74C10 MM54C20/MM74C20 





Dd 
TL/F/5877-4 TL/F/5877-5 
Top View Top View 
Order Number MM54C10* or Order Number MM54C20* or 
MM74C10* MM74C20* 


“Please look into Section 8, Appendix D for availability of various package types. 


0ZOPZIIN/02DPSINW/010PZWIN/OLOPSWIN/POOPZNIN/POOPSWIN/Z200PZININ/ZOOPSWIN/000PZWIN/000PSNIN 

















MM54C00/MM74C00/MM54C02/MM74C02/MM54C04/MM74C04/MM54C 10/MM74C10/MM54C20/MM74C20 


Absolute Maximum Ratings 


lf Military/Aerospace specified devices are required, Operating Vcc Range 3.0V to 15V 


contact the National Semiconductor Sales Office/ Maximum Vcc Voltage 
Distributors for availability and specifications. Power Dissipation (Pp) 


Voltage at Any Pin —0.3V to Voc + 0.3V Dual-In-Line 


Operating Temperature Range Small Outline 
54C —55°C to + 125°C Lead Temperature 


746 — 40°C to + 85°C (Soldering, 10 seconds) 
Storage Temperature Range —65°C to + 150°C 


DC Electrical Characteristics 


Min/Max limits apply across the guaranteed temperature range unless otherwise noted 


Symbol | ___—Parameter_—|_— Conditions =| Min 
CMOS TO CMOS 
Logical” InputVoltage | Voc=50v | 8S 
Moos soy fs 
Logical “0” Input Voltage 
VouT(1) Logical ‘‘1”” Output Voltage 7 = 5.0V,lo = —10 pA 
VouT(o) Logical ‘‘O” Output Voltage 
Ftogiea“O" input Gurent | Voo=tv.vw=ov ‘| _-+0 | 0008 |_| 
| SuppyCurent | Voc= tev | Ct ts 


Logical “1 Input Voltage | §4C,Voo=45V | Moo - 15 | | 

| 74C,Voo=47ev | Moo 15] | 

Logical“O” InputVoltage | 54G,Vec=45V | Ts 

746 Voo=47ev | TCs 

Vout | Logical" Output Voltage | 54C,Voc=45Vilo=-1ovA | 4a | | 
| 74CVoo=4.75Vlo=-10nA | 4a || 

Voutio) | Logical ‘‘0” Output Voltage | 54C, Voc = 4.5V, Io = 10 pA ae eee 
| 74C,Voo=475Vilo=10HA | Ls 

CMOS TO LOW POWER 


Logical “1” Input Voltage 54C, Voc = 4.5V | 40 | | | 


746, Vocg = 4.75V 


Logical ‘0” Input Voltage 540, Voc = 4.5V 
74C, Voc = 4.75V 


Vout(1) Logical 1” Output Voltage | 54C, Vcc = 4.5V, !lo = —360 pA 
746, Voc = 4.75V, lo = —360 pA 
Vout(o) Logical “0” Output Voltage | 54C, Voc = 4.5V, lo = 360 pA 


74C, Voc = 4.75V, Io = 360 yA en Deen Es 


IsouRCE | Output Source Current Voc = 5.0V, Vinca) = OV, Vout = 
IsouRCE | Output Source Current Voc = 10V, Ving) = OV, Vout = OV 


Output Sink Current Voc = 5.0V, Vinty = 5.0V,Vour=Veco | 475 | | | 
Output Sink Current Voc = 10V, Vinay =10V,Vour=Vec | 89 | | | 


6-10 


18V 





AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise specified 


Symbol Conditions | min | tye | Max | units 


MM54C00/MM74C00, MM54C02/MM74C02, MM54C04/MM74C04 


todo: tpa1 Propagation Delay Time to Vec = 5.0V 
Logical “1” or “0” Veo = 10V 


Input Capacitance (Note 2) | et go | 
Power Dissipation Capacitance (Note 3) Per Gate or Inverter ioe ee 


MM54C10/MM74C10 


todo: toat Propagation Delay Time to 
Logical ‘1"’ or “0” 


Input Capacitance (Note 2) 
Power Dissipation Capacitance (Note 3) Per Gate esa Ss 


MM54C20/MM74C20 


rputGaastaee | ween | 
[rover sspatnCanasiancs | Waeayferce | | | 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1; “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note—AN-90. 


Typical Performance Characteristics 


Power Dissipation vs Frequency 
MM54C00/MM74C00, 
Guaranteed Noise Margin MM54C02/MM74C02, 
Gate Transfer Characteristics 7 Over ee vs Vcc MM54C04/MM74C04 


a 
POWER DISSIPATION FOR 
OTHER DEVICES IS GIVEN 
BY Pani, anni 


ARANTEED OUTPUT “0” LEVEL 
ur (0) @ INPUTS = Vy (1) 


LOGIC LEVELS 
POWER DISSIPATION PER GATE (.W) 


0ZOPZWIN/0ZOPSWIN/0LDPZWIN/0LOPSWIN/POOPZWIN/POOPSWIN/Z00PZWIN/COOPSWIN/O0DPZWIN/O0OPSWIN 


INPUT FREQUENCY (Hz) 
TL/F/5877-6 





MM54C00/MM74C00/MM54C02/MM74C02/MM54C04/MM74C04/MM54C10/MM74C 10/MM54C20/MM74C20 


Typical Performance Characteristics (Continued) 


Propagation Delay vs Propagation Delay vs Propagation Delay Time vs 
Ambient Temperature Ambient Temperature Load Capacitance 
MM54C00/MM74C00, MM54C00/MM74C00, MM54C00/MM74C00, 
MM54C02/MM74C02, MM54C02/MM74C02, MM54C02/MM74C02, 
MM54C04/MM74C04 MM54C04/MM74C04 MM54C04/MM74C04 


Voc = 5.0V |_| CTT TTT, = 3c 
SEE AC TEST CIRCUIT | | 


va SEE AC TEST 


_ 
wn 
o 


CIRCUIT 





_ 
3 


toa — PROPAGATION DELAY TIME (ns) 


' \ 
Ar 
\=_|\ 


PROPAGATION DELAY (ns) 
Hees 
| TV IAL | 

PROPAGATION DELAY (ns) 


N 
i—] 


Pa A TS Le 


-50 -25 0 25 50 75 100 125 50-25 0 25 50 75 100 125 


AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) CL —LOAD CAPACITANCE (pF) 
TL/F/5877-7 


Propagation Delay Time vs Propagation Delay Time vs. 
Load Capacitance Load Capacitance 
MM54C10/MM74C10 MM54C20/MM74C20 
TT TTT TAT fore Lt | | I Tt, = 25°C 
fi ae Me ae CIRCUIT Ltt A SEE AC TEST CIRCUIT. 
/\ | LA | | 


| 
CA ee Ve y PT TT eet 
an? 2a f CSIChaee auae 


—= 
on 
o 
= 
a 
[—]) 


[ft 


_ 
eo 
o 


| 


S 
toa — PROPAGATION DELAY TIME (ns) 


a 
= 
w 
= 
= 
> 
< 
= 
ww 
a 
2 
S 
= 
< 
o 
< 
a. 
i=] 
c 
a 
' 
& 


C, — LOAD CAPACITANCE (pF) C, — LOAD CAPACITANCE (pF) 
TL/F/5877-8 TL/F/5877-9 


Switching Time Waveforms and AC Test Circuit 
CMOS to CMOS 


TL/F/5877-11 


TL/F/5877-10 


Note: Delays measured with input t,, t; < 20 ns. 





National 
Semiconductor 


MM54C08/MM74C08 Quad 2-Input AND Gate 


General Description Features 


Employing complementary MOS (CMOS) transistors to ™ Wide supply voltage range 3.0V to 15V 
achieve wide power supply operating range, low power con- wm Guaranteed noise margin 1.0V 
sumption and high noise margin, these gates provide basic = ™ High noise immunity 0.45 Vcc (typ.) 
functions used in the implementation of digital integrated mw Low power Fan out of 2 
circuit systems. The N- and P-channel enhancement mode TTL compatibility driving 74L 
transistors provide a symmetrical circuit with output swing Low power consumption 10 nW/package (typ.) 
essentially equal to the supply voltage. No DC power other 

than that caused by leakage current is consumed during 

static condition. All inputs are protected from damage due 

to static discharge by diode clamps to Vcc and GND. 


800PZWIN/8090PSWW 


Connection Diagram and Truth Table 


Dual-In-Line Package 


TL/F/5878-1 
Top View 


Order Number MM54C08* or MM74C08* 
*Please look into Section 8, Appendix D for availability of various package types. 


H = High Level L = Low Level 





MM54C08/MM74C08 


Absolute Maximum Ratings (note 1) | 

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 
Distributors for availability and specifications. Dual-In-Line 700 mw 
Voltage at Any Pin —0.3V to Voc + 0.3V Small Outline 500 mW 
Operating Temperature Range Operating Vcc Range 3.0V to 15V 


MM54C08 —56°C to + 125°C Absolute Maximum Voc 18V 
MM74C08 — 40°C to + 85°C : 


Lead Temperature 
(Soldering, 10 seconds) . 260°C 


DC Electrical Characteristics 


Min/Max limits apply across the guaranteed temperature range, unless otherwise noted 


symbol | Parameter | Conditions| min | typ | Max | Units 


CMOS TO CMOS 


Logical “1” Input Voltage | Voc = 5.0V ee (ee (I 


Voc = 10V 


VouT(o) Logical 0” Output Voltage Voc = 5.0V, lo = 10 pA 
Voc = 10V, Io = 10 pA 


Logical ‘'1” Input Current Voc = 15V, Vin = 15V | | 008 | 
Logical “0” Input Current Voc = 15V, Vin = OV 
Supply Current Voc = 15V 


CMOS/LPTTL INTERFACE 


Logieal“1” Input Voltage | B40, Veg = ABV re ne 


740, Voc = 4.75V 


Logical “0” Input Voltage 54C, Voc = 4.5V pi 
74C, Voc = 4.75V 


VouT(1) Logical “1” Output Voltage 54C, Vcc = 4.5V, lo = —360 pA i ee 
740, Voo=475V.io=-360uA | 24 | | 
Voutio) Logical “0” Output Voltage 54C, Voc = 4.5V, lo = 360 pA ee Es 
M4GVeo=475V.lo=360na | | | 0 


OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) Ta = 25°C (short circuit current) 


ISOURCE Output Source Current Voc = 5.0V, Vout = OV 4.75 
(P-Channel) : 
ISOURCE Output Source Current Voc = 10V, Vout = OV 
(P-Channel) 
Output Sink Current Voc = 5.0V, Vout = Vcc 1.75 
(N-Channel) : 
Output Sink Current Voc = 10V, Vout = Vcc 
(N-Channel) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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AC Electrical Characteristics* 
(MM54C08/MM74C08) Ta = 25°C, C_ = 50 pF, unless otherwise specified 


Parameter | Conditions | _win_ | Typ | Max _| 

todo» toads Propagation Delay Time to | Voc=50v | | eo | 140 | 
input Capacitance | Wore, | Tso | 

Power Dissipation Capacitance | (Notes)PerGato | =| 14 | | 


*AC Parameters are guaranteed by DC correlated testing. 
Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note—AN-90. 


Typical Performance Characteristics 


Propagation Delay Time vs 
Load Capacitance 
MM54C08/MM74C08 


Lt | LAT, = 25°C 
PTT yt 
HT SEE AC TEST CIRCUIT 


= 
ou 
eo 


= 
o 
o 





tep — PROPAGATION DELAY TIME (rs) 


C, - LOAD CAPACITANCE (pF) 
TL/F/5878-2 


AC Test Circuit 


C, = 50 pF 


: TL/F/5878-3 
Note: Delays measured with input t,, ts = 20 ns 


Switching Time Waveforms 


TL/F/5878-4 





8007ZWN/800PSNN 


MM54C 14/MM74C 14 


National 
Semiconductor 


MM54C14/MM74C 14 Hex Schmitt Trigger 


General Description 


The MM54C14/MM74C14 Hex Schmitt Trigger is a mono- 
lithic complementary MOS (CMOS) integrated circuit con- 
structed with N- and P-channel enhancement transistors. 
The positive and negative going threshold voltages, V7+ 
and Vr_, show low variation with respect to temperature 
(typ. 0.0005V/°C at Vcc = 10V), and_ hysteresis, 
Vt+ — Vt— 2 0.2 Vcc is guaranteed. 


All inputs are protected from damage due to static dis- 
charge by diode clamps to Voc and GND. 


Connection Diagram 


Features 
m@ Wide supply voltage range - 
@ High noise immunity 
m Low power 
TTL compatibility 
m@ Hysteresis 


Dual-In-Line Package 


Top View 
Order Number MM54C14* or MM74C14* 


*Please look into 


section 8, Appendix D 


for availability of various package types. 
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3.0V to 15V 


0.70 Voc (typ.) 


0.4 Voc (typ.) 
0.2 Voc guaranteed 


0.4 Voc (typ.) 
0.2 Vcc guaranteed 


TL/F/5879-1 











Absolute Maximum Ratings 









If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 

contact the National Semiconductor Sales Office/ Power Dissipation 

Distributors for availability and specifications. Dual-In-Line 700 mW 

Voltage at Any Pin —0.3V to Voc + 0.3V Small Outline 500 mW 

Operating Temperature Range Operating Vcc Range 3.0V to 15V 
MM54C14 55°C to + 125°C Absolute Maximum Vcc 18V 
MM74C14 — 40°C to + 85°C 






Lead Temperature 
(Soldering, 10 seconds) 260°C 






DC Electrical Characteristics 


Min/Max limits apply across the guaranteed temperature range unless otherwise noted 















symbol_| ___Parameter_— | Gonaitions, | win. | typ | Max | units 
CMOS TO CMOS 
VT+ Positive Going Threshold Voltage IVvcc=5v——i(‘<‘ é!!;!C*:#*éC tO ll | 88 | Vv 
|Voo=tov | co | os | ee | 
|Veo=isv | 90 | 00 | tea |v 
Vr- Negative Going Threshold Voltage IVec=5v0—Ci<(‘ Ow!C*d:CtCr Tt | 8 | V 
Voo = 10V p14 | 32 | 40] v 
|Voo=1sv | et | so | eo | 
Vre-Vr— | Hysteresis |Veo=sv | to | ee | 6 | 
|Moc=tov | 20 | | re | 
|Voo= tev | 80 | 50 | toe] 
Your) | Logical!” Output Voltage | Voo=SVio=~t0na | 45 | | 
[Veo AOvios 10s | eo 
Your | Logical“o” Outputvotage | Veg =SVilo=tona | | Ss |v 
[Yoo =10vio= tows | | to ov 
icc Supply Current | Voc=15V.Vw=owsev | | 005 | 15 | pA 
| Voo=SV.Vin=2sv(notea) | | 20 | | WA 
| Voo=10Vivin= sv (Notes) | | 200 (|| | nA 
Voc = 15V,Vin=7.5V(Note4) | | 600 | | nA 





CMOS/LPTTL INTERFACE 






Ftegal"o"npuvatage | veo=ev—S—S~—~wCSCSC*iSSC*d 
ne ees eee al 
740,65 = 475V.19= 360A [| | oa 


OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) Tg = 25°C (Short Circuit Current) 


Output Source Current Voc = 5V, Vout = OV 1.75 
(P-Channel) : 

Output Source Current Voc = 10V, Vout = OV 15 
(P-Channel) 

Output Sink Current Voc = 5V, Vout = Voc 1.75 
(N-Channel) ; 

Output Sink Current Voc = 10V, Vout = Voc 16 
(N-Channel) 
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VouT(1) 





VouT(0) 
















ISOURCE 











ISOURCE 







DLOPZININ/PLOPSWW 


MM54C 14/MM74C 14 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise specified 


[| Parameter | Conditions| 
tepo, tpp1 Propagation Delay from Input 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note—AN-90. : ; 


Note 4: Only one of the six inputs is at 4 Vcc; the others are either at Vcc or GND. 


Typical Applications 


Low Power Oscillator 
R 


Vin Vout 
MM54C14/MM74C14 


a 


TL/F/5879-2 


Vt+ 
ty = RC ¢n—— 
1 ~RC "VT 

Voc — Vr- 
ty = RC 2n—— 

: Voc — Vr+ 
oe 1 1 
~ Vr+ (Voc — Vr) 1.7RC 
RC £0 
Vr- (Voc — Vr+) 


Note: The equations assume ty + te > todo + toat 


TL/F/5879~3 
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Typical Performance Characteristics 


Typical Transfer Characteristics Guaranteed Trip Point Range 


MM54C14 -55°C TO +125°C 

MM74C14 -40°C TO +85°C 

*MINIMUM HYSTERESIS 
SPREAD (= 0.2 Vcc) 


20 


OUTPUT VOLTAGE (V) 
INPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 
TL/F/5879-4 TL/F/5879-5 


Vcc 


Vie 


INPUT 
VOLTAGE 


Vr. 


OV 


OUTPUT 
VOLTAGE 


ov 
TL/F/5879-6 


Note: For more information on output drive characteristics, power dissipation, and propagation delays, see AN-90. 





PLOPZWW/PlLOPrsAW 


MM54C30/MM74C30 


National 
Semiconductor 


MM54C30/MM74C30 8-Input NAND Gate 


General Description 


The logical gate employs complementary MOS (CMOS) to 
achieve wide power supply operating range, low power con- 
sumption and high noise immunity. Function and pin out 
compatibility with series 54/74 devices minimizes design 
time for those designers familiar with the standard 54/74 
logic family. . 

Ail inputs are protected from damage due to static dis- 
charge by diode clamps to Vcc and GND. 


Logic and Connection Diagrams 


Features 
m Wide supply voltage range 
@ Guaranteed noise margin 
@ High noise immunity 
m Low power 

TTL compatibility 


3.0V to 15V 
1.0V 
0.45 Vcc (typ.) 


Fan out of 2 
driving 74L 


8 
OUTPUT 


TL/F/5880-1 


Dual-In-Line Package 


TL/F/5880-2 


Top View 


Order Number MM54C30* or MM74C30* 
*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) —65°C to + 150°C 

contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 

Distributors for availability and specifications. Dual-In-Line 700 mW 

Voltage at any Pin —0.3V to Vcc + 0.3V Smail Outline 500 mW 

Operating Temperature Range (Ta) Operating Vcc Range 3.0V to 15V 
MMS4C30 —S5°Cto +125°C = Absolute Maximum Voc 18V 
MM74C30 —40°C to + 85°C Lead Temperature (T,) 


(Soldering, 10 seconds) 260°C 


O€0PZWIN/OfOPSWN 


DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 


symbol | Parameter |_—Conditions | Min._— | Typ_|_Max | Units 
CMOS TO CMOS 
Logical “1” Input Voltage 
Logical ‘‘0” Input Voltage 
VouT(1) Logical ‘‘1” Output Voltage 


VoutT(o) Logical “0” Output Voltage Voc = 5V, lo = 10 pA 
Voc = 10V, lo = 10 pA 
Logical “1” Input Current Voc = 15V, Vin = 15V 


Logical “0” Input Current Voc = 15V, Vin = OV | 10 =| -0005 | 
Supply Current Voo = 15V ae eee 


Logical ‘'1” Input Voltage 54C, Voc = 4.5V Pa ae eee 

740, Voo = 4.75V [voo-15 | | 

Logical ‘‘0” Input Voltage 54C, Vcc = 4.5V (ee eae ee 

740, Veo = 4.75V ee ees ee 

Vouri) | Logical““1” Output Voltage | 54C,Voo=4.5V,lo=—360pA | 24 | | | 
74C.Voc=475V.lo= 30nd | 24 | | 

Vout) | Logical” Output Voltage | 54C,Voo=4.5V.lo=36nA | | | 04 | 
TAC.Voc=475Vilo=960HA | | | 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 


ISOURCE Output Source Current Voc = 5V, Vout = OV 
(P-Channel) Ta = 25°C 


ISOURCE Output Source Current Voc = 10V, Vout = OV 
(P-Channel) Ta = 25°C 


Output Sink Current Voc = 5V, Vout = Voc 
(N-Channel) Ta = 25°C 


Output Sink Current Voc = 10V, Vout = Vcc 
(N-Channel) Ta = 26°C 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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MM54C30/MM74C30 


AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise specified 


[Parameter | —conatons [wim [_ Typ [wer 
(outages | wee) | eo 
[—PowerispatonCapasince | —Wawa)Percae | | 2 


“AC Parameters are guaranteed by DC correlated testing. 
Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, application 
note—AN-90. ; 


Typical Performance Characteristics 


Propagation Delay Time vs 
Load Capacitance 
SERRE REA 
ane lA | TT TT 
a tt Ta = 25°C 

| 

‘<n08 SEE AC TEST CIRCUIT 





toa — PROPAGATION DELAY TIME (ns) 


C, — LOAD CAPACITANCE (pF) 
TL/F/5880-3 


Switching Time Waveforms AC Test Circuit 


TL/F/5880-5 


TL/F/5880-4 
Note: Delays Measured with Input t,, ts = 20 ns. 
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National 
Semiconductor 


MM54C32/MM74C32 Quad 2-Input OR Gate 


General Description 


Employing complementary MOS (CMOS) transistors to 
achieve low power and high noise margin, these gates pro- 
vide the basic functions used in the implementation of digital 
integrated circuit systems. The N- and P-channel enhance- 


ment mode transistors provide a symmetrical circuit with - 


output swings essentially equal to the supply voltage. This 
results in high noise immunity over a wide supply voltage 
range. No DC power other than that caused by leakage cur- 
rent is consumed during static conditions. All inputs are pro- 
tected against static discharge damage. 


Connection Diagram 


Features 

m Wide supply voltage range 
m Guaranteed noise margin 
@ High noise immunity 


mw Low power 
TTL compatibility 


3.0V to 15V 
1.0V 

0.45V Vcc (typ.) 
fan out of 2 
driving 74L 


Dual-tn-Line Package 


TL/F/5881—1 


Top View 
Order Number MM54C32* or MM74C32* 


"Please look into Section 8, Appendix D for availability of various package types. 





CEDPZAN/CEOPSWN 





MM54C32/MM74C32 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to +150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 
Distributors for availability and specifications. Dual-In-Line 700 mW 


Voltage at Any Pin -0.3VtoVoo + 0.3V Small Outline 500 mW 


Operating Temperature Range Operating Vcc Range 3.0V to 15V 
MM54C32 —55°C to + 125°C Absolute Maximum Voc 18V 


MM74C32 — 40°C to + 85°C Lead Temperature 


(Soldering, 10 seconds) 


DC Electrical Characteristics 


Min/Max limits apply across temperature range unless otherwise noted 


CMOS TO CMOS : 
erties ll ee ee 
= = ee 
a ae el 
ea a 


VouT(1) Logical “1” Output Voltage Voc = 5.0V, lo = —10 pA 
| Veco = 10V,lo = —10 pA 
Your, | Logical"0” OutputVottage | Voc=S0Vio=10HA | | 8 
Voc = 10V, lo = 10 pA 
Logical “1” Input Current Voc = 15V, Vin = 15V 


Logical “0” Input Current Voc = 15V, Vin = OV 


Supply Current Voo = 15V ere Ee 


CMOS/LPTTL INTERFACE 


Logical ‘‘1” Input Voltage 54C, Vcc = 4.5V lVoo-15 |] | 


74C, Voc = 4.75V 


Logical “0” Input Voltage 54C, Voc = 4.5V air 
74C, Vcc = 4.75V 


Vour(1) | Logical1” Output Voltage | 54C,Voc=45V,lo=—360nA | 24 | | | 
TAG VoG=475V.lo=~360wA | 24 | | 
Vour(o) Logical ‘‘0” Output Voltage 54C, Voc = 4.5V, lo = 360 pA Hl ot: only == | Oa | 
740,Voc=475V.lo=360nA | | | _ 


OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) Ta = 25°C (short circuit current) 


ISOURCE Output Source Current Voc = 5.0V, Vout = 0V 1.75 
(P-Channel) , 

ISOURCE Output Source Current Voc = 10V, Vout = OV 
(P-Channel) 
Output Sink Current Voc = 5.0V, Vout = Voc 1.75 
(N-Channel) : 
Output Sink Current Voc = 10V, Vout = Vcc 16 
(N-Channel) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 
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AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise specified 


Parameter | Conditions | _min__ | typ _| 
Propagation Delay Time to | vc=sov | | eo | 
ae Bes 

a ae 


| Max 
Deen 
eee! 


Input Capacitance Any Input (Note 2) 
Power Dissipation Capacitance Per Gate (Note 3) 


*AC Parameters are guaranteed by DC correlated testing. 
Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note—AN-90. 


CEOPLWIN/CEOPSININ 
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MM54C42/MM74C42 





National 
Semiconductor 


MM54C42/MM74C42 BCD-to-Decimal Decoder 


General Description 


The MM54C42/MM74C42 one-of-ten decoder is a mono- 
lithic complementary MOS (CMOS) integrated circuit con- 
structed with N- and P-channel enhancement transistors. 
This decoder produces a logical ‘0’ at the output corre- 
sponding to a four bit binary input from zero to nine, and a 
logical “1” at the other outputs. For binary inputs from ten to 
fifteen all outputs are logical “1”. 


Features 
m Supply voltage range 3V to 15V 


@ Tenth power TTL drive 2 LPTTL loads 
compatible 


Schematic Diagram 


INPUTA © 


INPUT BO 


INPUTC © 


InPpuTD © 


Truth Table 


ee oko kono ono momo) 
ee24-000042442=200000 
@2=42002 43002 =00-==-O000 
=oOo=7-0-0H0-0-0-=0-0> 
Baas nnn nnn ini ion 


aati oer oes os os is ss tt OO et et 
pa er ee Cee es Cae Cee Ce Ces Cres Ce Cee Ge Cl ap er 


@ High noise immunity 
mw Low power 
m Medium speed operation 


Applications 
w Automotive 

@ Data terminals 

w@ Instrumentation 

@ Medical electronics 


an stot stots nt ot ot ot OH | = G&D 
aoe tant ot ete et Oost asa A 
pa ee ee ee ee ee a ne ce eet | 
Sa ee ee ee Cee Ce es CO ep ee en o>) 
oa ee ee ee es ee ee ee ee 
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0.45 Vcc (typ.) 
50 nW (typ.) 
10 MHz (typ.) 
with 10V Voc 


@ Alarm systems 

m Industrial electronics 
m Remote metering 

= Computers 


© ouTruto 


O ouTPuT1 


O OUTPUT 2 


O OUTPUT 3 


QouTPuT4 


O OUTPUTS 


© OUTPUTS 


© ouTPuT? 


O OUTPUTS 


a re ee ee ee am ee *) 
et it at Oe is it at st ast st = 


TL/F/5882-1 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 

Distributors for availability and specifications. Dual-In-Line 700 mW 
Voltage at Any Pin (Note 1) —0.3V to Voc + 0.3V Small Outline 500 mW 
Operating Temperature Range Operating Vcc Range 3.0V to 15V 


MMS54C42 . —55°C to + 125°C Absolute Maximum Voc 18V 
MM74C42 —40°C to +85°C 


CvOPLAN/2roPrs 


Lead Temperature 
(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics 


Min/Max limits apply across temperature range unless otherwise noted 


symbol | Parameter, | _—Conaitions, =| min | Typ | Max | units 
CMOS TO CMOS 

Logical “1” Input Voltage 

Logical “0” Input Voltage 
VoUT(1) Logical ‘1”’ Output Voltage 


VourT(o) Logical ‘0”’ Output Voltage 
[ae esi 
Logical ‘1”’ Input Current Voc = 15V, Vin = 15V ae eae Ee 


Supply Current Voo = 15V | | 05 | 300 | 


CMOS/LPTTL INTERFACE 


Logical ‘'1” Input Voltage 54C, Voc = 4.5V lVvec-18 |] [| | 


74C, Vog = 4.75V 


 teseavarimtvotae | sxeatoomesy | 
| 7MCVoc=a7ev {| | 
Vourin | Logical” OutputVoltage | S46,Voo=4.5ViIo=—360HA | 2a | | 
74C, Voc = 4.75V, lo = —360 pA | 24 [| ff 
Vourio | LogicalO” OutputVoltage | S4C,Voo=45VIo=360HA | || 
| 7G, Vog=475VIo=360HA | | 
OUTPUT DRIVE (see 54C/74C Family Characteristics Data Sheet) Ta = 25°C (short circuit current) 
ISOURCE Vec = 5.0V, Vino) = OV, Vout = OV 
ISOURCE Voc = 10V, Vinay = OV, Vout = OV 
Foutpusi Curent | Voo= 10%,¥may = 10".Vour=veo | 00 | | __ 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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MM54C42/MM74C42 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise specified 


| Parameter | Conditions| Min_ 


Propagation Delay Time to 
Logical ‘‘O” or “1” 


Input Capacitance nema eee 
Power Dissipation Capacitance (Note 3) ae = eee 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2; Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete Sislenain seo 54C/74C Family Characteristics Application 
Note—AN-90. 


Connection Diagram 


Dual-In-Line Package 
OUTPUTS 


Order Number MM54C42* or MM74C42* 
*Please look into Section 8, Appendix D 
for availability of various package types. 


OUTPUTS 





TL/F/5882-2 


Top View 
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National 
Semiconductor 


MM54C48/MM74C48 
BCD-to-7 Segment Decoder 


General Description 


The MM54C48/MM74C48 BCD-to-7 segment decoder is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with N- and P-channel enhancement transis- 
tors. Seven NAND gates and one driver are connected in 
pairs to make binary-coded decimal (BCD) data and its com- 
plement available to the seven decoding AND-OR-INVERT 
gates. The remaining NAND gate and three input buffers 
provide test-blanking input/ripple-blanking output, and rip- 
ple-blanking inputs. 


Connection Diagram 


Features 
m Wide supply voltage range 
m Guaranteed noise margin 
@ High noise immunity 
w Low power 

TTL compatibility 
m@ High current sourcing output (up to 50 mA) 
@ Ripple blanking for leading or trailing zeros (optional) 
m Lamp test provision 


3.0V to 15V 
1.0V 

0.45 Voc (typ.) 
fan out of 2 
driving 74L 


Dual-In-Line Package 


LAMP RB 


OUTPUTS 


RB 


TEST OUTPUT/ INPUT 


INPUTS 
INPUT 


BLANKING 


INPUTS 
TL/F/5883~1 


Top View 
Order Number MM54C48* or MM74C48* 


*Please look into Section 8, Appendix D for availability of various package types. 


Segment Identification 
= 
F | | 8 
ots 


E c 
D 
TL/F/5883-2 


Numerical Designations 
and Resultant Displays 


3 4 5 6 7 
1 12 13 14 15 


TL/F/5883-3 
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MM54C48/MM74C48 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Power Dissipation 
contact the National Semiconductor Sales Office/ Dual-In-Line 700 mW 
Distributors for availability and specifications. Small Outline 500 mW 


Voltage at Any Pin —0.3V to Voc + 0.3V Operating Vcc Range 3.0V to 15V 
Operating Temperature Range Absolute Maximum Voc 18V 


MM54C48 —55°Cto+125°C © Lead Temperature (Soldering, 10 seconds) __ 260°C 
MM74C48 — 40°C to + 85°C : ; . 


Storage Temperature Range —65°C to + 150°C 


DC Electrical Characteristics min/ Max limits apply across temperature range unless otherwise noted 


symbol | Parameter | Conaitions | min | Typ |] Max | Units 


CMOS to CMOS 
Logical “1” Input Voltage Voc = 5.0V 
ao! Voc = 10V 
Logical “o” InputVottage =| Voc= Sov | | 88 
: pWece IOVS 2 Se Se = | eo 
Vouri1 | Logical” Output Voltage | Voc=50Vilo=-10na | 48 | | 
(8 Outpt On Veo=toviip==iona | eo | | 
Vourio) | Logical “0” Output Voltage Pe ee ee 


Voc = 10V, iG = 10pA 

= “4” Input Current Voc = 15.0V, Vin: = 15V 
owed yee 2 oes ae 

CMOS/LPTTL INTERFACE 

Prac vec=47ev_ «dt Moors | iY 
Logical“o” input Voltage | 54G,Voo=4sv | | 8 
| 740Vec=47ev | | | 
Vouri1) | Logical1” OutputVoltage, | 54C,Voc=45Vlo=—-s0ua | 24 | | | 
(RB Output On PAG Voc=A7SV.Ig=—S0WA | 24 | | 
Vourio) | Logical“o” OutputVoltage | 540,Voc=45Vilo=960nA | | |_| 
TAG Voo=A76V.io= 60a | | | _oa_| 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


ISOURCE Output Source Current Voc = 4.75V, Vout = 0.4V fj 


(P-Channel)(RB Output Only) Voc = 10V, Vout = 0.5V 
Output Sink Current Voc = 5.0V, Vout = Voc 
(N-Channel) Ta = 25°C 
Output Sink Current se = 10V, Vout = Vcc 
(N-Channel) = 25°C 


lsounce | Output Source Current vos = 5.0V, Vout = 3.4V 
(NPN Bipolar) Voc = 5.0V, Vout = 3.0V 


veo= 10v.Vour=eav | 20-50 | 
yoo = 10V,vour=eov [| |_| 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 





Note 2: Capacitance is guaranteed by periodic testing. . 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 
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AC Electrical Characteristics* Ta = 25°C, C, = 50 pF, unless otherwise specified 


Conditions | Min | Typ | Max _| 
Propagation Delay to a ‘‘1" or “0” on Voc = 5.0V | a0 | 1500 | 
Segment Outputs from Data Inputs Voc = 10V | | te0 | 500 


Propagation Delay to a “0” on 
Segment Outputs from RB Input Voc = 10V 180 


Symbol 
todo, tpat 


tpao 


todo 


todt 


todt 


todo 


Propagation Delay to a “0” on 
Segment Outputs from Blanking Input 


Propagation Delay to a ‘'1” on 
Segment Outputs from Lamp Test 


Propagation Delay to a “1” on RB 
Output from RB Input 


Propagation Delay to a “0” on RB 


Output from RB Input | Voc=tov | | so | 150 | 


*AC Parameters are guaranteed by DC correlated testing. 


Typical Applications 


Typical Connection Utilizing the Ripple-Blanking Feature 


BCD DATA 
INPUT 


TO DISPLAY READOUTS 
TL/F/5883-4 


First three stages will blank leading zeros, the fourth stage will not blank zeros. 
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MM54C48/MM74C48 


Typical Applications (Continued 


Blanking Input Connection Diagram 


RBO/BI RBO/BI 


r- oe 


+o 1<— MM74C906 
| 
i. 


TL/F/5883-5 
When RBO/B!I is forced low, all segment outputs are off regardless of the state of any other input condition. 


Light Emitting Diode (LED) Readout 


Veo 


COMMON 


COMMON ANODE LED 
CATHODE LED 


TL/F/5883-6 


Incandescent Readout Fluorescent Readout 


Vec 


Vcc 
Voc DIRECT 
(LOW BRIGHTNESS) 
ae 
© 
Cc 
— GNO OR APPROPRIATE 


—e = VOLTAGE BELOW GND 





TL/F/5883-8 


**A filament pre-warm resistor is recommended to reduce filament thermal! 
shock and increase the effective cold resistance of the filament. 
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TL/F/5883-7 


FILAMENT 
SUPPLY 


TL/F/5883-9 





Typical Applications (Continued) 


Gas Discharge Readout Liquid Crystal (LC) Readout 


APPROPRIATE Vee EXCITATION 
VOLTAGE (SQUARE WAVE, 
Vcc TO GND) 


MM74C86 


TL/F/5883-11 


: Direct DC drive of LC’s not recommended for life of LC readouts. 
TL/F/5883-10 


Truth Table 


Decimal 


or BI/RBOt 
Function Tur | 
it { rei|o c BAL 


H 


i) 
io” 


Oo 
IerjrerrryjLTIrtijr-crierlizrTirirzTsa 


ooalwnoanananlonao 


—_ ao 

+o 
SP OSE BE eR re a eee LC 
<xOreK Doerr yToeIererlyrToriecrlrtorireresc lo 
Kxr-eK/Dreotrljrztreioirsizriumur{jzricrl|> 
perfeexs BTrorxrl/rrrrsyrri:§ct 
Lee ee ee ee ek a ea ee 
Beer hae Pee ee  , bE ae a | 
Eee re oe ee ee ree a 
DeeijrDrorerjrteretjrctrereier tere zjo 
Fee jreTtTtTTtir-r LTtIr-FtrTit tire er cin 
Lrmr pr kes Lie ee tae te ype re Pe 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
X 
L 
X 


H 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
H X 
X X 
H L 
L xX . 


H = high level, L = low level, X = irrelevant 


Note 1: The blanking input (Bl) must be open when output functions 0-15 are desired. The ripple-blanking input (RBI) must be high, if blanking of a decimal 
zero is not desired. : 


Note 2: When a low togic level is applied directly to the blanking input (BI), all segment outputs are low regardless of the level of any other input. 


Note 3: When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp-test input high, all segment outputs go low and the ripple- 
blanking output (RBO) goes to a low level (response condition). 


Note 4: When the blanking input/ripple-blanking output (BI/RBO) is open and a tow is applied to the lamp-test input, all segment outputs are high. 
tOne BI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO). 
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MM54C73/MM74C73/MM54C76/MM74C76/MM54C 107/MM74C107 





National 
Semiconductor 


MM54C73/MM74C73, MM54C76/MM74C76, 


MM54C107/MM74C107 


Dual J-K Flip-Flops with Clear and Preset 


General Description 


These dual J-K flip-flops are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N- and P- 
channel enhancement transistors. Each flip-flop has inde- 
pendent J, K, clock and clear inputs and Q and Q outputs. 
The MM54C76/MM74C76 flip flops also include preset in- 
puts and are supplied in 16 pin packages. These flip-flops 
are edge sensitive to the clock input and change state on 
the negative going transition of the clock pulses. Clear or 
preset is independent of the clock and is accomplished by a 
low level on the respective input. 


Logic Diagrams 


Features 

m Supply voltage range 

m Tenth power TTL compatible 
@ High noise immunity 

mw Low power 

@ Medium speed operation 


3V to 15V 

Drive 2 LPTTL loads 
0.45 Vcc (typ.) 

50 nW (typ.) 

10 MHz (typ.) 


Applications 
m Automotive 

@ Data terminals 
Instrumentation 

@ Medical electronics 


m@ Alarm systems 

w Industrial electronics 
m Remote metering 

m= Computers 


MM54C73/MM74C73 and MM54C107/MM74C 107 


TL/F/5884—1 


MM54C76/MM74C76 


TL/F/5884-3 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, Storage Temperature —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700 mW 


Voltage at Any Pin —0.3V to Veco + 0.3V Small Outline 500 mW 
Operating Temperature Range Lead Temperature (Soldering, 10 sec.) 260°C 


MM54CXX Bote to+ 125°C Operating Vcc Range +3V to 15V 
MM74CXX —40°C to + 85°C Vor (itax) iay 


DC Electrical Characteristics min/Maxtimits apply across temperature range unless othwerwise noted 


Symbol | __—Parameter_— | Concitions, | Min] typ | Max | Units 
CMOS TO CMOS 
Logical!” InputVotage | Voc=sv | | 
| Voo=tov | 
Logical“0” Input Voltage | Voc=sv | Tt 


ere 

Vour(1) Logical “1” OutputVoltage | Vec=8V0 TT 
ere | A ee (OR 
Vourio) | Logical"o” OutputVoltage | Voo= sv | Ts 
Mec SNOW Sa 
Logical “1” InputCurrent_ | Voo=tsv | 
Logical” InputCurrent_ | Voo=1sv | wt | 
| SupplyCurent | Voco= tev | 050 |_| 


Logical ‘‘1’” Input Voltage 54C, Vcc = 4.5V 
74C, Voc = 4.75V 


Logical ‘‘O” Input Voltage 54C, Voc = 4.5V 
746, Voc = 4.75V 


Logical ‘'1”” Output Voltage 54C, Voc = 4.5V, lo = —360 pA 
74C, Voc = 4.75V, lo = —360 pA 


Logical “0” Output Voltage 54C, Voc = 4.5V, lo = 360 pA 
74C, Voc = 4.75V, lo = 360 pA 


ISOURCE Output Source Current Voc = 5V, Vinca) = OV 
Ta = 25°C, Vout = OV 

ISOURCE Output Source Current Voc = 10V, Vin) = OV 
Ta = 25°C, Vout = OV 


Output Sink Current Voc = 5V, Vinay = 5V 
Ta = 25°C, Vout = Vcc 
Output Sink Current Voc = 10V, Vinay) = 10V 
Ta = 26°C, Vout = Vcc 
Logic Diagrams (Continued) 


Transmission Gate 





INPUT PROTECTION TO INTERNAL 
FOR ALL INPUTS CIRCUITRY 


TL/F/5884~4 
TL/F/5884-2 
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MM54C73/MM74C73/MM54C76/MM74C76/MM54C 107/MM74C107 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


Symbol__| Parameter | Conditions| in| typ | Max_| Units 
Gn | _inputCapacitanco | Anyinput, =| || 


todo: tpat Propagation Delay Time toa 180 300 

Logical “0” or Logical ‘'1” from 70 110 

Clock to Q or Q 
todo Propagation Delay Time toa Voc = 5V 200 

Logical ‘“O” from Preset or Clear Voc = 10V 80 
tod Propagation Delay Time to a Voc = 5V 

Logical ‘'1” from Preset or Clear Voc = 10V 


ts Time Prior to Clock Pulse that Voc = 5V 
Data must be Present Voc = 10V 


ty Time after Clock Pulse that J Vcc = 5V 
and K must be Held Voc = 10V 


tpw Minimum Clock Pulse Width Voc = 5V 
twe = twH Voc = 10V 

tpw Minimum Preset and Clear Voc = 5V 
Pulse Width Voc = 10V 


tMAX Maximum Toggle Frequency Voc = 5V 
Voc = 10V 

tr, te Clock Pulse Rise and Fall Time Voc = 5V 
Voc = 10V 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application 
note—AN-S0. : : 


AC Test Circuit Truth Tables 


Vec Vcc 


INPUTS 


ty = bit time before clock pulse 


tnh+4 = bit time after clock pulse 
TL/F/5884~8 
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Typical Applications 


COUNTER 
ENABLE 


CLOCK 


74C Compatibility 


Switching Time Waveforms 


Ripple Binary Counters 


Shift Registers 


TL/F/5884-10 


CMOS to CMOS 


LOGIC LEVELS 


TL/F/5884-9 


TL/F/5884-11 


Guaranteed Noise Margin 
as a Function of Vcc 


TL/F/5884-12 


TL/F/5884-13 





ZOLOPZINW/ZOLOPSINW/9Z90PZWIN/9ZOPSININ/EZOPZINW/EZOPSWIN 


MM54C73/MM74C73/MM54C76/MM74C76/MM54C 107/MM74C107 


Connection Diagrams 


MM54C73/MM74C73 


CLOCKA 


CLEAR A 


Ka 


Vec 


TL/F/5884-5 
Top View 
Note: A logic ‘‘0” on clear sets Q to logic “0”. 


Order Number MM54C73* or MM74C73* 


MM54C76/MM74C76 MM54C107/MM74C107 


CLOCKA 
PRESET A 


CLEARA 


CLOCK B 
PRESET B 


CLEAR B 


TL/F/5884-7 
Top View Top View 
Note 1: A logic 0” on clear sets Q to a logic “0”. Note: A logic “0” on clear sets Q to logic “0”. 
Note 2: A logic “0” on preset sets Q to a logic ‘1”. Order Number MM54C107* or MM74C 107" 
Order Number MM54C76* or MM74C76* 


*Please look into Section 8, Appendix D for availability of various package types. 


Vec 


CLEAR A 


CLOCK A 


Kg 


CLEAR B 


CLOCK B 


Jp 


TL/F/5884-6 





National 
Semiconductor 


MM54C74/MM74C74 Dual D Flip-Flop 


General Description 


The MM54C74/MM74C74 dual D flip-flop is a monolithic 
complementary MOS (CMOS) integrated circuit constructed 
with N- and P-channel enhancement transistors. Each flip- 
flop has independent data, preset, clear and clock inputs 
and Q and Q outputs. The logic level present at the data 
input is transferred to the output during the positive going 
transition of the clock pulse. Preset or clear is independent 
of the clock and accomplished by a low level at the preset 
or clear input. 


Features 

@ Supply voltage range 

m Tenth power TTL compatible 
@ High noise immunity 


3V to 15V 
Drive 2 LPT2L loads 


0.45 Voc (typ.) 


Logic Diagram 


PRESET 


ALL P-CHANNEL SUBSTRATES 
fe CONNECTED TO Vc 


ke 
+ /+- ALU N-CHANNEL SUBSTRATES 
ee 


CONNECTED TO GND 


Truth Table 
| Preset | Clear | Qn | Qn | 





0 0 0 
0 1 0 
1 0 1 
1 1 *On 


*No change in output from previous state. 


Order Number MM54C74* or MM74C74* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


m Low power 
m Medium speed operation 


50 nW (typ.) 
10 MHz (typ.) 
with 10V supply 


Applications 
m Automotive 

m Data terminals 

@ Instrumentation 

@ Medical electronics 
m Alarm system 

@ Industrial electronics 
mg Remote metering 

m= Computers 


INPUT PROTECTION 


FOR ALL INPUTS TO INTERNAL CIRCUIT 


Connection Diagram 


Dual-In-Line Package 


TL/F/5885—-1 


/ = 
Top View TL/F/5885-2 


Note: A logic “0” on clear sets Q to logic “0”. 
A logic “'0” on preset sets Q to logic “1”. 
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MM54C74/MM74C74 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700 mW 


Voltage at Any Pin (Note 1) —0.3V to Voc +0.3V Small Outline 500 mW 
Operating Temperature Range Lead Temperature (Soldering, 10 seconds) 260°C 


MM54C74 —58°C to + 125°C Operating Vcc Range 3V to 15V 
MM74C74 —40°C to + 85°C Voc(Max) 18V 


DC Electrical Characteristics min/max imits apply across temperature range unless otherwise specified 


Symbol | __Parameter_ | Conditions, =~ | Min._—|_ Typ | Max | Units 
CMOS TO CMOS : 
Logical1” InputVoltage | Voo=sv_ | || 
| VMoc=tove | tT 
Logical“o” Input Voltage | Voo= SV | 8 
Meee a0W se | 
Vour) | Logical” OutputVoltage | Voo=sv | TT 
| Voc=tov | tT 
Vout) | Logical“0” OutputVoltage | Voo=sv | TC 
| Voo=tov tt 
| Logical” InputCurrent_ | Voc=18v Tt 
Logical “o” Input Current | Voo= tev | tT 
| Supply Curent | Voo= sv Ts | 


Logical “1” Input Voltage 54C, Voc = 4.5V - 
74C, Voc = 4.75V Voos 8 


Logical “0” Input Voltage 54C, Voc = 4.75V 
74C, Voc = 4.75V 
Vour(1) Logical ‘‘1” Output Voltage 54C, Vcc = 4.5V, Ip = —360 pA 24 
74C, Voc = 4.75V, Ip = —360 pA . 
VouT(o) Logical ‘‘0” Output Voltage 54C, Voc = 4.5V, Ip = 360 pA 
74C, Voc = 4.75V, Ip = 360 pA 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


ISOURCE Output Source Current Voc = 5V, Vino) = OV 475 
Ta = 25°C, Vout = OV , 
ISOURCE Output Source Current Voc = 10V, Vino) = OV 
Ta = 25°C, Vout = OV 
Output Sink Current Veco = SV, Vinct) = 5V 1.75 
Ta = 25°C, Vout = Vec ; 
Output Sink Current Voc = 10V, Vinca) = 10V 
Ta = 25°C, Vout = Voc 
Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 


they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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AC Electrical Characteristics* Ta = 25°C, C_ = 50 pF, unless otherwise noted 


Symbol | Parameter | Conditions, | Min | Typ | Max_| 
|_InputCapacitance | AnyinputNotez) | | so | 


Propagation Delay Time toa 180 300 
Logical “0” tpgo or Logical 1” 70 110 
tod1 from Clock to Q or Q 
Propagation Delay Time to a Vcc = 5V 180 
Logical “0” from Preset or Clear Voc = 10V 70 
Propagation Delay Time to a Vcc = 5V 400 
Logical ‘‘1” from Preset or Clear Vcc = 10V 150 
tso, ts4 Time Prior to Clock Pulse that Vcc = 5V 100 
Data Must be Present tsetup Voc = 10V 40 
tuo, tH4 Time after Clock Pulse that Voc = 5V —20 
Data Must be Held Voc = 10V —8.0 


tpwi Minimum Clock Pulse Vcc = 5V 
Width (two = tw) Vcc = 10V 


tpwe Minimum Preset and Voc = 5V 
Clear Pulse Width Voc = 10V 


ty, tf Maximum Clock Rise Voc = 5V 
and Fall Time Voc = 10V 


fMax Maximum Clock Frequency Veco = 5V 
Voc = 10V 


Cpp Power Dissipation Capacitance (Note 3) as ee ae pF 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actua! device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note—AN-90. 


Switching Time Waveform 


CMOS to CMOS 


90% 90% 


TL/F/5885-3 
tp = tp = 20ns 
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PLOPZWIN/PZOPSWn 


MM54C74/MM74C74 


AC Test Circuit 


Typical Applications 


74C Compatibility 


Voc 


DATA 


CLOCK 


Ripple Counter (Divide by 2) 


LOGIC LEVELS 


TL/F/5885-7 
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TL/F/5885-4 


TL/F/5885-5 


TL/F/5885-6 


Guaranteed Noise Margin 
as a Function of Vcc 


TL/F/5885-8 





National 
Semiconductor 


MM54C83/MM74C83 4-Bit Binary Full Adder 


General Description 


The MM54C83/MM74C83 4-bit binary full adder performs 
the addition of two 4-bit binary numbers. A carry input (Co) 
is included and the sum (2) outputs are provided for each 
bit and the resultant carry (C4) is obtained from the fourth 
bit. Since the carry-ripple-time is the limiting delay in the 
addition of a long word length, carry look-ahead circuitry has 
been included in the design to minimize this delay. Also, the 
logic levels of the input and output, including the carry, are 
in their true form. Thus, the end-around carry is accom- 
plished without the need for level inversion. 


Logic Diagram 


By (11) 


A, (10) 


Co (43) 


Features 
m Wide supply voltage range 3V to 15V 
m Guaranteed noise margin 1V 
@ High noise immunity 0.45 Vcc (typ.) 
m Low power fan out of 2 
TTL compatibility driving 74L 
m@ Fast carry ripple 50 ns (typ.) at Vcg = 10V 
(Co to Ca) and C, = 50 pF 
m@ Fast summing 125 ns (typ.) at Vcc = 10V 
(Zn to ZoQuT) : and CL = 50 pF 


TL/F/6035-1 
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MM54C83/MM74C83 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage at Any Pin —0.3V to Voc + 0.3V 
Operating Temperature Range (Ta) 
MM54C83 
MM74C83 


Storage Temperature Range (Ts) 


—55°C to + 125°C 
— 40°C to + 85°C 


—65°C to + 150°C 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Operating Vcc Range 
Absolute Maximum Voc 


Lead Temperature (T_) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


3V to 15V 
18V 


260°C 


DC Electrical Characteristics min/max limits apply across temperature range unless otherwise noted 


symbol | __Parameter__——| Conditions | Min. | typ_| Max | units 


CMOS TO CMOS 


‘ Logical ‘1’ Input Voltage Voc = 5V 


Voc = 10V 
Logical 0” Input Voltage Vcc = 5V 
Voc = 10V 


VouT(1) Logical “1” Output Voltage 


Voc = 5V, lo = —10 pA 


Voc = 10V, lo = —10 pA 


VouT(0) 


Logical ‘‘0” Output Voltage Voc = 5V, lo = 10 pA 


Veco = 10V,!o = 10 pA 


Logical ‘‘1” Input Current 


Logic ‘‘O” Input Current 


Supply Current Voc = 15V 


Voc = 15V, Vin = 15V 
Voc = 15V, Vin = OV 


Logical ‘'1” Input Voltage 54C, Vcc = 4.5V 
74C, Voc = 4.75V 

Logical ‘‘0” Input Voltage 54C, Voc = 4.5V 
74C, Voc = 4.75V 


Logical ‘‘1” Output Voltage 


54C, Voc = 4.5V, lo = —360 pA 


74C, Voc = 4.75V, Io = —360 pA 


Logical ‘O” Output Voltage 


54C, Voc = 4.5V, lo = 360 pA 


74C, Voc = 4.75V, lo = 360 pA 


ISQURCE 


Output Source Current 
(P-Channel) 


Output Source Current 
(P-Channel) 


Output Sink Current 
(N-Channel) 
Output Sink Current 
(N-Channel) 


Ta = 25°C 
ISOURCE 
Ta = 25°C 
Ta = 25°C 


Ta = 25°C 


Voc = 5V, Vout = OV 


Voc = 10V, Vout = OV 


Vec = 5V, Vout = Voc 


Voc = 10V, Vout = Voc 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 
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AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise specified 


Conditions 


Propagation Delay from Cg to C4 Voc = 5V 
Voc = 10V 

Propagation Delay from Sum Vcc = 5V 

Inputs to C4 Voc = 10V 


€80PrZWW/E8OPrSiAn 


Propagation Delay from Cg to Voc = 5V 
Sum Outputs Voc = 10V 


Propagation Delay from Sum Voc = 5V 
Inputs to Sum Outputs Voc = 10V 


Input Capacitance Any Input (Note 2) a a 
Power Dissipation Capacitance Per Package (Note 3) i 


*AC Parameters are guaranteed by DC correlated testing. 
Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note—AN-90. 


Connection Diagram Switching Time Waveforms 


Dual-in-Line Package 


OUTPUT 
OV 


x3 A3 B3 Vee 22 B2 A2 TRE eoee- 2 


TL/F/6035-2 Inputs must be tied to appropriate logic level. 


Order Number MM54C83* or MM74C83* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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MM54C83/MM74C83 


Truth Table 


rerrertrrrrrerrrerie 
Ireererrrerrzrrrerrirre 
eS a es yes spice ee ee ee 
rPrrrrrrrerrrreree 
zrrrrrerrrererrrrrier 
Bae Eee ae =e See ate 
mS SS re aa ee era ae ce 
mZererrrerzrrerrrrere 
zrrrerrrzserrr rcrririte 
zrererrrrrrrrrer rr re 


= 


H = high level, L = low level TL/F/6035-6 


Note: Input conditions at A3, A2, B2 and CO are used to determine outputs £1 and £2 and the value of the internal 
carry C2. The values at C2, A3, B3, A4, and B4 are then used to determine outputs 23, 24, and C4. 


Typical Applications 


APPLICATION CASCADING 


Connect the MM54C83/MM74C83 in the following Connect the MM54C83/MM74C83 in the following 
manner to implement a dual single bit full adder. manner to implement full adders with more than 4 bits. 


Ciy (BIT 1) 


A (BIT 1) 


MM54083 
OR 
MM74C83 


TL/F/6035-4 


MMS4C83 


OR 
MM74C83 


Cour (Ce) 
(TO NEXT PACKAGE) TL/F/6035-5 
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National | 
Semiconductor 


MM54C85/MM74C85 4-Bit Magnitude Comparator 


General Description 


The MM54C85/MM74C85 is a four-bit magnitude compara- 
tor which will perform comparison of straight binary or BCD 
codes. The circuit consists of eight comparing inputs (AO, 
Ai, A2, A3, BO, B1, B2, B3), three cascading inputs (A > B, 
A < B and A = B), and three outputs (A > B, A < B and 
A = B). This device compares two four-bit words (A and B) 
and determines whether they are ‘greater than,” “less 
than,” or ‘‘equal to” each other by a high level on the appro- 
priate output. For words greater than four-bits, units can be 
cascaded by connecting the outputs (A > B, A < B, and 
A = B) of the least significant stage to the cascade inputs 
(A > B, A < B andA = 8) of the next-significant stage. In 
addition the least significant stage must have a high level 
voltage (Vin(1)) applied to the A = B input and low level 
voltage (Vin(o)) applied to A > B and A < B inputs. 


Logic Diagram 


A (15) Be. 6 
83 (14) & 5 


nfo 
no 


At {7) >o 
81 “I> 


AO (10) > 6 
80 (11) > a 


A<B e e O 
A>B x | >o 
Pan (6) > 0 


Features 
@ Wide supply voltage range 
m Guaranteed noise margin 
@ High noise immunity 
mg Low power 
TTL compatibility 
m Expandable to ‘N’ stages 
@ Applicable to binary or BCD 
mw Low power pinout: 54L85/74L85 


: 


— > > 


|>o 
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3.0V to 15V 
1.0V 

0.4 Voc (typ.) 
fan out of 2 
driving 74L 


(12) A<B 
OUTPUT 


(13) A>B 
OUTPUT 


Q) a=B 
OUTPUT 


TL/F/5886-1 





S80PZINW/S8DPSWW 


MM54C85/MM74C85 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Power Dissipation (Pp) 
contact the National Semiconductor Sales Office/ Dual-In-Line -700 mW 
Distributors for availability and specifications. Small Outline 500 mW 
Voltage at Any Pin —0.3V to Voc + 0.3V Operating Vcc Range 3.0V to 15V 
Operating Temperature Range Voc 18V 
MM54C85 —55°C to + 125°C Lead Temperature 
MM74C85 —40°C to + 85°C (Soldering, 10 seconds) 260°C 
Storage Temperature Range —65°C to + 150°C 


DC Electrical Characteristics min/max limits apply across temperature range unless otherwise noted 


Symbol | __ Parameter] Conditions, | Min] Typ | Max | Units 


CMOS TO CMOS 


Logical ‘‘1” Input Voltage Voc = 5.0V 
Voc = 10V 
Logical ‘“‘O” Input Voltage Voc = 5.0V 
Voc = 10V 
Logical “1” Output Voltage Voc = 5.0V,lo = —10 pA 
Voc = 10V, lo = —10 pA 
Logical ‘‘O” Output Voltage Voc = 5.0V, Io = +10 pA 
Voc = 10V, lo = +10 pA 


Logical ‘'1” Input Current Voc = 15V, Vin = 15V snaee 
Logical “0” Input Current Vec = 15V, Vin = [ie todOs =a] 30.008... | 
Supply Current Voc = 15V ae ed 


Logical ‘‘1” Input Voltage 54C, Vcc = 4.5V Voc — 1.5 
74C, Voc = 4.75V Voc — 1.5 
Logical “0” Input Voltage 54C, Voc = 4.5V 0.8 
74C, Voc = 4.75V 0.8 
Logical “1” Output Voltage | 54C, Voc = 4.5V, lo = —360 pA ae a 


74C, Voc = 4.75V, Ilo = —360 pA 


Logical ‘‘0” Output Voltage 54C, Voc = 4.5V, lo = 360 pA 0.4 
iG: Voc = 4.75V, Io = 360 pA 0.4 


Isounce | Output Source Current Voc = 5.0V, Vout = OV 
(P-Channel) Ta = 25°C 

Isounce | Output Source Current Voc = 10V, Vout = OV 
(P-Channel) Ta = 25°C 


. Output Sink Current Voc = 5.0V, Vout = Voc 
(N-Channel) Ta = 25°C 


Output Sink Current Voc = 10V, Vout = Vcc 
(N-Channel) Ta = 25°C 


AC Electrical Characteristics* 1, = 25°c, see = 50 pF, ——s otherwise — 


Parameter 


Propagation Delay from any A Senators = 50V — te 
or B Data Input to any Voc = 10V 300 
Data Output 

Propagation Delay Time from Voc = 50V 200 -500 
any Cascade Input to Vcc = 10V 100 250 
any Output 


Input Capacitance Any Inupt a 
Power Dissipation Capacitance . (Note 3) Per Package tee i ose See 


*AC Parameters are guaranteed by DC correlated testing. 















VouT(1) 










VouT(o) 

































Symbol 








Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”’ 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
AN-90. 
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Typical Applications 


Four Digit Comparator 


LONGER WORD COMPARISON— 
COMPARING TWO 16-BIT WORDS 


Connection Diagram 


Dual-In-Line Package 


62 
INPUTS 
A2 


Truth Table 





> 
A 
= 


MMS4C85/ 
MM74C85 


us 


rela 


OUTPUTS 
OUTPUT 


a 


| inputs INPUT 


MMSAC8S/ 
MM74C85 


OUTPUTS 
OUTPUT 


inputs 'NPUT 


MM54C85/ 
MMTACES 


OUTPUTS 
OUTPUT 


inpuTs !NPUT 


MMS4C85/ 
MM74C85 


QUTPUTS 
OUTPUT 


> 


Ei 
Bi 
a 
El 
| 
i 
Sc: 
iF: 
Caren 

aia 


TL/F/5886-2 


OUTPUT A=B 


CASCADING 
INPUTS 


TL/F/5886-3 
Top View 


Order Number MM54C85* 
or MM74C85* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Switching Time 
Waveforms 





TL/F/5886-4 


Unused inputs must be tied 
to an appropriate logic level. 


Comparing Inputs Cascading Inputs | Outputs | 
| a3B3 | A2p2 | Ai,B1 | Ao,B0 | A>B 


x 

X 
A2 > B2 
A2 < B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 
A2 = B2 


fn id beau d 


Portree re Ll KKK KKK KK 


H = high level, L = low level, X = irrelevant 
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A<B 


rrrerter oe KKK KKK KK 


A= 


rFercrercrrr KKK KKK KK 


B}|}A>B A<B A=B 
L 


cr 


mOirrorre irirtrTt 
Pre ar erste ste = 
PeLilrlSe eee reer 





S8OPZINW/S8DPSININ 


MM54C86/MM74C86 


National 
Semiconductor 


MM54C86/MM74C86 Quad 2-Input EXCLUSIVE-OR Gate 


General Description 


Employing complementary MOS (CMOS) transistors to 
achieve wide power supply operating range, low power con- 
sumption and high noise margin these gates provide basic 
functions used in the implementation of digital integrated 
circuit systems. The N- and P-channel enhancement mode 
transistors provide a symmetrical circuit with output swing 
essentially equal to the supply voltage. No DC power other 
than that caused by leakage current is consumed during 
static condition. All inputs are protected from damage due 
to static discharge by diode clamps to Vcc and GND. 


Connection Diagram 


Features 

@ Wide supply voltage range 
m Guaranteed noise margin 
@ High noise immunity 

m Low power 


3.0V to 15V 
1.0V 
0.45 Voc (typ.) 
Fan out of 2 
TTL compatibility driving 74L 
m@ Low power consumption 10 nW/package (typ.) 
m The MM54C86/MM74C86 follows the 
MM54LS86/MM74LS86 Pinout 


Dual-In-Line Package 


GND 
TL/F/5887-1 


Top View 
Order Number MM54C86* or MM74C86* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


H = High Level 


L = Low Level 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, Power Dissipation (Pp) 

contact the National Semiconductor Sales Office/ Dual-In-Line Package 700 mW 
Distributors for availability and specifications. Small Outline 500 mw 
Voltage at any Pin (Note 1) —0.3V to Voc + 0.3V Operating Range (Vcc) 3.0V to 15V 
Operating Temperature Range Absolute Maximum (Vcc) 18V 


MMS4C86 —55°C to + 125°C Lead Temperature (Soldering, 10 seconds) 260°C 
MM74C86 —40°C to +85°C 


Storage Temperature Range —65°C to + 150°C 


DC Electrical Characteristics min/max iimits apply across temperature range unless otherwise noted 


CMOS TO CMOS 


Logical ‘‘1” Input Voltage Vec = 5.0V 
Voc = 10V 


Logical ‘‘O” Input Voltage Vcec = 5.0V 
Voc = 10V 


Vout(1) Logical sgt Output Voltage Voc = 5.0V, lo = —10 pA 
Voc = 10V, lo = —10 pA 


VouT(0) Logical “0” Output Voltage Voc = 5.0V, lo = +10 pA 
Voc = 10V, lo = +10 pA 


Logical “1” Input Current Voc = 15V, Vin = 15V 


Logical “0” Input Current | Voc = 15V, Vin = OV =o 
Supply Current Veco = 15V 


CMOS/LPTTL INTERFACE 


Logical ‘1” Input Voltage 54C, Vcc = 4.5V 
74C, Voc = 4.75V 


Logical ‘‘O” Input Voltage 54C, Voc = 4.5V 
74C, Voc = 4.75V 


VouT(1) Logical “1” Output Voltage 54C, Voc = 4.5V, lo = —360 pA 


746, Voc = 4.75V, lo = —360 pA 





VouT(0) Logical ‘O” Output Voltage 54C, Voc = 4.5V, Io = 360 pA 
74C, Voc = 4.75V, lo = 360 pA 


ISOURCE Output Source Current Voc = 5.0V, Vout = OV 
(P-Channel) Ta = 25°C 


ISOURCE Output Source Current Voc = 10V, Vout = OV 
(P-Channel) Ta = 25°C 


Output Sink Current Voc = 5.0V, Vout = Voc 
(N-Channel) Ta = 25°C 


Output Sink Current Voc = 10V, Vout = Vcc 
(N-Channel) Ta = 25°C 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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98907 ZWIN/98DPSWAN 


MM54C86/MM74C86 


AC Electrical Characteristics* (mms4cse/mm74cs6) Ta = 25°C, C, = 50 pF, unless otherwise specified 


Propagation Time to Logical 
4 ” or QO” 


Power Dissipation Capacitance (Note 3) Per Gate 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application 
Note—AN-90. 


Typical Performance Characteristics 


Propagation Delay Time vs 
Load Capacitance 
MM54C86/MM74C86 


et 
ot a 
See? acne 
i > Oa 
SoBe eWe oe 


eo aeaeeos 

Term tT tT | | 

rT Veg = 15V E+E 

PET ETT rte 
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— 
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LOAD CAPACITANCE (pF) 
: TL/F/5887~2 


AC Test Circuit 


© Vout 
C, = 50 pF 


ay - TL/F/5887-3 


Note: Delays Measured with Input t, tj = 20 ns 


Switching Time Waveforms 


TL/F/5887-4 
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National 
Semiconductor 


MM54C89/MM74C89 64-Bit TRI-STATE® 
Random Access Read/Write Memory 


General Description 


The MM54C89/MM74C839 is a 16-word by 4-bit random ac- 
cess read/write memory. Inputs to the memory consist of 
four address lines, four data input lines, a write enable line 
and a memory enable line. The four binary address inputs 
are decoded internally to select each of the 16 possible 
word locations. An internal address register latches the ad- 
dress information on the positive to negative transition of 
the memory enable input. The four TRI-STATE data output 
lines working in conjunction with the memory enable input 
provide for easy memory expansion. 


Address Operation: Address inputs must be stable tsa pri- 

or to the positive to negative transition of memory enable. It 

is thus not necessary to hold address information stable for 
more than tya after the memory is enabled (positive to neg- 
ative transition of memory enable). 

Note: The timing is different than the DM7489 in that a positive to negative 
transition of the memory enable must occur for the memory to be 
selected. 

Write Operation: Information present at the data inputs is 

written into the memory at the selected address by bringing 

write enable and memory enable low. 


Logic and Connection Diagrams 


GATA_ DAT. 


Read Operation: The complement of the information which 
was written into the memory is non-destructively read out at 
the four outputs. This is accomplished by selecting the de- 
sired address and bringing memory enable low and write 
enable high. 

When the device is writing or disabled the output assumes a 
TRI-STATE (Hi-z) condition. 


Features 
m Wide supply voltage range 
mw Guaranteed noise margin 
@ High noise immunity 
m™ Low power 

TTL compatibility 
m Low power consumption 
m Fast access time 
@ TRI-STATE output 


3.0V to 15V 

1.0V 

0.45 Vcc (typ.) 

fan out of 2 

driving 74L 

100 nW/package (typ.) 

130 ns (typ.) at Voc = 10V 


BATA_ DATA 


TA _ BATA A _DATA_ DATA DATA 
INPUT t OUTPUT 1 INPUT 2 OUTPUT 2 INPUT 3 GUTPUT 3 INPUT 4 OUTPUTS 


MEMORY 
ARRAY 


ADDRESS 
DECODER 


Dual-In-Line Package 


ADDRESS INPUT A 


DATA INPUT 1 
GATA OUTPUT 1 
OATAINPUT2 
DATA OUTPUT 2 
GND 


Top View TL/F/5888-2 


Order Number MM54C89* 
or MM74C89* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5888-1 
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680PZWNW/680PSIN 


MM54C90/MM74C90/MM54C93/MM74C93 


National 
Semiconductor 


MM54C90/MM74C90 4-Bit Decade Counter 
MM54C93/MM74C93 4-Bit Binary Counter 


General Description 


The MM54C90/MM74C90 decade counter and the 
MM54C93/MM74C93 binary counter and complementary 
MOS (CMOS) integrated circuits constructed with N- and 
P-channel enhancement mode transistors. The 4-bit decade 
counter can reset to zero or preset to nine by applying ap- 
propriate logic level on the Roz, Roz, Rei and Rgo inputs. 
Also, a separate flip-flop on the A-bit enables the user to 
operate it as a divide-by-2, 5 or 10 frequency counter. The 
4-bit binary counter can be reset to zero by applying high 
logic level on inputs Ro; and Rog, and a separate flip-flop on 
the A-bit enables the user to operate it as a divide-by-2, -8, 
or -16 divider. Counting occurs on the negative going edge 
of the input pulse. 


Connection and Logic Diagrams 


MM54C90/MM74C90 
Dual-In-Line Package 


TL/F/5889-2 


Top View 


All inputs are protected against static discharge damage. 


Features 

m Wide supply voltage range 3V to 15V 

m@ Guaranteed noise margin 1V 

@ High noise immunity 0.45 Voc (typ.) 

mw Low power Fan out of 2 
TTL compatiblity driving 74L 

m™ The MM54C93/MM74C83_ follows the MM54L93/ 
MM74L93 Pinout 


MM54C93/MM74C93 
Dual-In-Line Package 


TL/F/5889-4 
Top View 


Order Number MM54C90* or MM74C93* 


*Please look into Section 8, Appendix D for availability of various package types. 


M54C90/MM74C90 


TL/F/5889~1 


MM54C93/MM74C93 


TL/F/5889~3 
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Absolute Maximum Ratings 


If Military/Aerospace specified devices are required, Power Dissipation (Pp) 
contact the National Semiconductor Sales Office/ Dual-In-Line 700 mW 
Distributors for avallability and specifications. Small Outline 500 mw 


Voltage at Any Pin (Note 1) —0.3V to Voc +0.3V Operating Vcc Range 3V to 15V 
Operating Temperature Range (Ta) Absolute Maximum Voc 18V 


MM54C90, MMS4C93 =e to + 1258 Storage Temperature Range (Ts) —65°C to + 150°C 
MM74C80, MM74C93 —40°C to + 85°C Lead Temperature (T,) 


(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics Min/Max timits apply across temperature range unless otherwise noted 


Symbol Conditions | Min | typ | Max | Units 


CMOS TO CMOS 


Logical ‘1” Input Voltage Voc = 5V 
Voc = 10V 


Logical “0” Input Voltage Voc = 5V 
Vcc = 10V 


VouT(1) Logical! “1”’ Output Voltage Veco = 5V, lo = —10 pA 
Voc = 10V, lo = —10 pA 


VouT(o) Logical 0” Output Voltage Voc = 5V, lo = +10 pA 
Voc = 10V, lo = +10 pA 


Logical “1” Input Current Voc = 15V, Vin = 15V aaa 0.005 
Logical “0” Input Current Voc = 15V, Vin = OV —0.005 ol 
Supply Current Voc = 15V 


Logical ‘‘1” Input Voltage 
MM54C90, MM54C93 Voc = 4.5V 
MM74CS0, MM74C93 Voc = 4.75V 


Logical “0” Input Voltage 
MM54C90, MM54C93 Voc = 4.5V 
MM74C90, MM74C93 Voc = 4.75V 


Logical ‘1’ Output Voltage 
MM54C90, MM54C93 Voc = 4.5V, lo = —360 pA 
MM74C890, MM74C93 Voc = 4.75V, lo = —360 pA 


Logical “0” Output Voltage 
MM54C90, MM54C93 Voc = 4.5V, lo = —360 pA 
MM74C90, MM74C93 Voc = 4.75V, lo = —360 pA 


ISOURCE Output Source Current Voc = 5V, Vout = OV 
(P-Channel) Ta = 25°C 

ISOURCE Output Source Current Voc = 10V, Vout = OV 
(P-Channel) Ta = 25°C 


Output Sink Current Voc = 5V, Vout = Voc 
(N-Channel) Ta = 25°C 

Output Sink Current Voc = one Vout = Vcc 
(N-Channel) Ta = 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 





AC Electrical Characteristics* Ta = 25°C, C_ = 50 pF, unless otherwise specified 


Conditions | Min | Typ | Max __| 
todo: toat Propagation Delay Time Voc = 5V 200 400 
from Ajy to Qa oe = 10 80 150 
todo» tpat Propagation Delay Time from = 5V 450 850 
Ain to Qe (MM54C93/MM74C93) — = 10V 160 300 
todo toat Propagation Delay Time from Vcc = 5V 450 800 
Ain to Qp (MM54C90/MM74C90) Voc = 10V 160 300 





E€60PZWIN/E6DPSNW/060PZININ/O6DPSNN 


MM54C90/MM74C90/MM54C93/MM74C93 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise specified (Continued) 


Symbol Conditions 
todo. tpd1 Propagation Delay Time Voc = 5V 

from Ain to Qo (MM54C93/MM74C93) Vec = 10 
todo: toads Propagation Delay Time from Voc = 5V 

Ain to Qc (MM54C93/MM74C93) Voc = 10V 
todo: tpd1 Propagation Delay Time from Vcc = 5V 

Ain to Qp (MM54C93/MM74C93) Voc = 10V 
todo» tod Propagation Delay Time from Voc = 5V 

Ain to Qp (MM54C90/MM74C80) Vcc = 10V 
todo: toa Propagation Delay Time from Voc = 5V 


Roi or Rog to Qa, Qg, Qc or Ap Voc = 10V 
(MM54C93/MM74C83) 


‘todo: tod1 Propagation Delay Time from Voc = 5V 


Ro or Rog to Qa, Qg, Qc or Qp Voc = 10V 
(MM54C90/MM74C90) 


todo: tod1 Propagation Delay Time from Voc = 5V 
Rg1 Or Rao to Qa or Qp Voc = 10V 
(MM54C90/MM74C90) 


Min. Roz or Rog Pulse Width Voc = 5V 
(MM54C93/MM74C93) Voc = 10V 

Min. Ro or Roo Pulse Width Voc = 5V 
(MM54C90/MM74C90) Voc = 10V 

Min. Ro or Roo Pulse Width Voc = 5V 
(MM54C90/MM74C90) Voc = 10V 
Maximum Clock Rise Vcc = 10V 
and Fall Time Voc = 10V 

Minimum Clock Pulse Width Voc = 5V 
Voc = 10V 

fax Maximum Clock Frequency Voc = 5V 
Voc = 10V 


Cin Input Capacitance Any Input (Note 2) 
Cpep Power Dissipation Capacitance Per Package (Note 3) 


*AC Parameters are guaranteed by DC correlated testing. 


1050 
400 — 


1000 
400 


600 1200 
250 500 
450 800 
160 300 
150 
75 
200 400 
75 | 150 
250 500 
100 200 
600 250 
30 125 
600 250 
300 125 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range”, 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 
Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note— 


. AN-90. 


AC Test Circuits 


MM54C90/MM74C90 


Veo Vee 


TL/F/5889-5 
Clock rise and fall time t, = t} = 20 ns 
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MM54C93/MM74C93 


TL/F/5889-6 


Clock rise and fall time t, = tj = 20 ns 





Switching Time Waveforms 





Truth Table 


MM54C90/MM74C90 4-Bit Decade Counter 
BCD Count Sequence 


rraLir rr tar 
DGreitmriritirs 





DRDrErerrrererce 
CmMHrorrrrmerererce 


Output Qa is connected to Input B for 
BCD count. 


H = High Level 
L = Low Level 
X = Irrelevant 


Reset/Count Function Table 


L 
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Note 1: MM54C90, MM74C90 and MM54C93, 
MM74C93 are solid line waveforms. Dashed line 
waveforms are for MM54C90/MM74C90 only. 


TL/F/5889-7 


MM54C93/MM74C93 4-Bit Binary Counter 
Binary Count Sequence 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


TITITIIIT@rrrrr eee |g 
DMUTterrrr LTItIIrerce 
LilrrlwoircrrIrrLIrce 
Berrrririrrteriririr 





Output Qa is connected to input B for 
binary count sequence. 

H = High Level 

L = Low Level 

X = Irrelevant 


Reset/Count Function Table 
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MM54C95/MM74C95 


National 
Semiconductor 


MM54C95/MM74C95 


4-Bit Right-Shift Left-Shift Register 


General Description 


This 4-bit shift register is a monolithic complementary MOS 
(CMOS) integrated circuit composed of four D flip-flops. 
This register will perform right-shift or left-shift operations 
dependent upon the logical input level to the mode control. 
A number of these registers may be connected in series to 
form an N-bit right-shift or left-shift register. 


When a logical ‘‘0” level is applied to the mode control in- 
put, the output of each flip-flop is coupled to the D input of 
the succeeding flip flop. Right-shift operation is performed 
by clocking at the clock 1 input, and serial data entered at 
the serial input, clock 2 and parallel! inputs A through D are 
inhibited. With a logical ‘‘1” level applied to the mode con- 
trol, outputs to succeeding stages are decoupled and paral- 
lel loading is possible, or with external interconnection, shift- 
left operation can be accomplished by connecting the out- 
put of each flip-flop to the parallel input of the previous 
flip-flop and serial data is entered at input D. 


Block and Connection Diagrams 


TL/F/5890-1 
Dual-in-Line Package 


CLOCK-2 


INPUT 
A LSHIFT 


OUTPUT OUTPUT OUTPUT OUTPUT 
A 8 c o 


GND 


SERIAL 
INPUT 


INPUT MODE CLOCK-1 


INPUT 
8 o CONTROL = R-SHIFT 


INPUT Vee 
c 


TL/F/5890-4 


Order Number MM54C95°* or MM74C95* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Features 
m Medium speed operation 10 MHz (typ.) 
Voc = 10V, C, = 50 pF 
0.45 Vcc (typ.) 
100 nW/(typ.) 
Drive 2 LTTL loads 


3V to 15V 


@ High noise immunity 

m Low power 

w Tenth power TTL compatible ° 

m Wide supply voltage range 

@ Synchronous parallel load 

w Parallel inputs and outputs from each flip-flop 

m Negative edge triggered clocking 

m The MM54C95/MM74C95 follows 
MM74L95 Pinout 


the MM54L95/ 


Applications 
@ Data terminals 

@ Instrumentation ' 
mw Automotive 

m Medical electronics 


m@ Alarm systems 
Remote metering 

m Industrial electronics 
= Computers 


mc 
MODE CONTROL O- mc 


TL/F/5890-2 


O O O s O eo se 
INPUTA OUTPUTA INPUTB OUTPUTB INPUTC OUTPUTC INPUTD OUTPUTD 
TL/F/5890-3 
Mode Control = 0 for Right Shift 
Mode Control = 1 for Left Shift or Parallel Load 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature (Ts) —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Maximum Vcc Voltage 18V 
Distributors for availability and specifications. Power Dissipation (Pp) 


Voltage at any Pin —0.3V to Voc + 0.3V Dual-In-Line 700 mw 
Operating Temperature Range (Ta) Small Outline 500 mw 


Sedat Bigs to + jes Operating Vcc Range +3V to + 15V 
74095 —40°C to + 85°C Lead Temperature (T,) 


(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 
symbol | _—Parameter_ | ~—Conditions, =| = Min. — | Typ_| Max | Units 
CMOS TO CMOS 


Logical ‘1” Input Voltage Voc = 5V 
Voc = 10V 


Logical ‘‘O” Input Voltage Vcc = 5V 
Voc = 10V 


Vout(1) Logical ‘‘1” Output Voltage Voc = 5V 
Voc = 10V 


VourT(0) Logical “0” Output Voltage | Vcc = 5V 
Voc = 10V 


Logical “1” Input Current Voc = 15V 
Logical ‘‘O” Input Current Voc = 15V 
Supply Current Voc = 15V 


Logical “1” Input Voltage 54C, Voc = 4.5V 


74C, Voc = 4.75V 


Logical “0” Input Voltage 54C, Vcc = 4.5V 
74C, Voc = 4.75V 


VouT(1) Logical “1” Output Voltage 54C, Voc = 4.5V, lo = 360 pA 
74C, Voc = 4.75V, lo = 360 pA 


VouTio Logical “0” Output Voltage 54C, Voc = 4.5V, lo = 360 pA 
(0) 
74C, Voc = 4.75V, lo = 360 pA 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


ISOURCE Output Source Current Voc = 5V, Vine) = OV 
Ta = 26°C, Vout = OV 


ISOURCE Output Source Current Voc = 10V, Vincoy = OV 
Ta = 25°C, Vout = OV 
Output Sink Current Voc = 5V, Vin(1) = 5V 
Ta = 28°C, Vout = Voc 
Output Sink Current Voc = 10V, Vinay = 10V 
Ta = 28°C, Vout = Vcc 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 


they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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MM54C95/MM74C95 


AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise noted 


Parameter | Conditions | min |. typ | Max | 
400 
160 


Propagation Delay Time to a Logical Voc = 5V 2 
“0” or Logical “1” from Clock to Q or Q Voc = 10V 8 


tso, ts1 Time Prior to Clock Pulse that Data Vec = 5V 
must be Preset a Veco = 10V 


tHo, tHa Time After Clock Pulse that Data Voc = 5V 
must be Held Voc = 10V 


Minimum Clock Pulse Width (tw. = twH) Voc = 5V 
Vcc = 10V 


Time Prior to Clock Pulse that Mode Voc = 5V 
Control must be Preset Voc = 10V 


Maximum Input Clock Frequency Voc = 5V 
Voc = 10V 


Input Capacitance Any Input (Note 2) a oe ee 
Power Dissipation Capacitance (Note 3) 2 Ec 2 ie 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, Application Note 
AN-90. 


Function Table 


Mode | Clocks —_| Parallel Qa Qs 
Control | 2(L)_1(R) 


Xx xX xX 
a b c 
Qspt Qct QApt 


Qen 
Qgo 
Qan 
Qan 
Qso 
Qso 
QBo 
Qpo 
Qao so 
Undefined 
Operating Conditions 


erPRnrmPMCeCe7rFrrizgte.e 
TMrerwirrrerexKxxXxreer 
rrirrimirreeztxK xx 
<x<x-«K «KK KK KOK KK XK 
KK KK KK KK KK 
x KK KKK KK OK OK 
Kx KK KK KK KK OK 
<x KKK KK KK KAO KS 


x< 


TShifting left requires external connection of Qg to A, Qc to B, and Qp to C. Serial data is entered at input D. 
H = high level (steady state), L = low level (steady state), X = irrelevant (any input, including transitions) 

J = transition from high to low level, T = transition from tow to high level. 

a, b, c, d = the level of steady-state input at inputs A, B, C or D, respectively. 


Qao: Qe0; Qco, Qno = the level of Qa, Qg, Qc or Qp respectively, before the indicated steady-state input conditions 
were established. 


Qan: QBn, Qcn Qon = the level of Qa, Qg, Qc or Qp respectively, before the most recent transition of the clock. 
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National 
Semiconductor 


MM54C 150/MM74C150 16-Line to 1-Line Multiplexer 
MM72C19/MM82C19 TRI-STATE® 16-Line to 1-Line 


Multiplexer 


General Description 


The MM54C150/MM74C150 and MM72C19/MM82C19 
multiplex 16 digital lines to 1 output. A 4-bit address code 
determines the particular 1-of-16 inputs which is routed to 
the output. The data is inverted from input to output. 


A strobe override places the output of MM54C150/ 
MM74C150 in the logical “1” state and the output of 
MM72C19/MM82C19 in the high-impedance state. 


Connection Diagram 


All inputs are protected from damage due to static dis- 
charge by diode clamps to Vcc and GND. 


Features 

m@ Wide supply voltage range 
m Guaranteed noise margin 
m@ High noise immunity 

@ TTL compatibility 


3.0V to 15V 
1.0V 


0.45 Vcc (typ.) 
Drive 1 TTL Load 


Dual-In-Line Package 


DATA INPUTS 
E10 «E11 E12 


ES E2 
DATA INPUTS 


SELECT INPUTS 


E13, «E14—E15 


E1 EO "STB OUTPUT D GND 
DATA 


SELECT 
TL/F/5891-1 


Order Number MM54C150*, MM74C150*, MM72C19* or MM82C19* 


*Please look into Section 8, Appendix D for availability of various package types. 
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MM54C 150/MM74C 150/MM72C19/MM82C19 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range | —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700 mw 


Voltage at Any Pin —0.3V to Voo + 0.3V Small Outline 500 mW 


Operating Temperature Range Operating Vcc Range 3.0V to 15V 
MM54C150, MM72C19 —55°C to + 125°C Voc 18V 


MM74C150, MM82C19 40°C to +85°C Lead Temperature (soldering, 10 seconds) 260°C 


DC Electrical Characteristics 


Min/Max limits apply across temperature range unless otherwise noted. 


symbol | ____Parameter_— | Gonaiitions, 


CMOS to CMOS 


Logical ‘1’ Input Voltage Vec = 5.0V 

Voc = 10V 

Logical “0” Input Voltage Vec = 5.0V 

Voc = 10V 
VourT(1) Logical ‘1’ Output Voltage Voc = 5.0V, lo = —10 pA 
Voc = 10V, lo = —10 pA 
Voutio) Logical “0” Output Voltage Voc = 5.0V, Io = +10 pA 
Voc = 10V, lo = +10 pA 


Logical ‘1” Input Current Voc = 15V, Vin = 15V P| 


Logical ‘‘0” Input Current Voc = 15V, Vin = OV 


Output Current in High 
Impedance State 
MM72C19/MM82C19 Voc = 15V, Vo = 15V 


Voc = 15V, Vo = OV 


CMOS/LPTTL Interface 


Logical “1” Input Voltage 540, 72C, Vcc = 4.5V 
74C, 82C, Voc = 4.75V 

Logical ‘‘O” Input Voltage 54C, 72C, Vcc = 4.5V 
74C, 820, Vcc = 4.75V 


VouT(1) Logical ‘‘1”’ Output Voltage 54C, 726, Voc = 4.5V, lo = —1.6mA 
74C, 82C, Voc = 4.75V, lo = —1.6mA 


VouT(o) Logical “0” Output Voltage 54C, 72C, Voc = 4.5V, lo = 1.6mA 
74C, 826, Voc = 4.75V, Io = 1.6mA 


Output Drive (Short Circuit Current) 


IsouRCE | Output Source Current Voc = 5.0V, Vout = OV, Ta = 25°C 
—4.35 
(P-Channel) 


lsouRce | Output Source Current Voc = 10V, Vout = OV, Ta = 25°C 

—40 
(P-Channel) 
Output Sink Current Voc = 5.0V, Vout = Veco. Ta = 25°C 

4,35 

(N-Channel) 
Output Sink Current Voc = 10V, Vout = Veco, Ta = 25°C 

40 
(N-Channel) 


Note 1; ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 





6-62 


AC Electrical Characteristics* Ta = 25°C, C, = 50 pF, unless otherwise noted 


Parameter -___cendivene fin | typ ax | 


todo: tpat Propagation Delay Time toa Vec = 5.0V 
Logical “0” or Logical ‘*1” Voc = 10V 

from Data Inputs to Output Vec = 5.0V, CL = 150 pF 

Voc = 10V, CL = 150 pF 


todos tpdt Propagation Delay Time to a 
Logical “0” or Logical “1” 
from Data Select Inputs to 
Output 


todo: tpat Propagation Delay Time toa 
Logical ‘‘O” or Logical “1” 
from Strobe to Output 
MM54C150/MM74C150 


tiH, ton Delay from Strobe to High Voc = 5.0V, RL = 10k, CL = 5 pF 
Impedance State Voc = 10V, Ry = 10k, CL = 5 pF 
MM72C19/MM82C19 


ty1, tHo Delay from Strobe to Logical Voc = 5.0V, RL = 10k, C, = 5 pF 
“1” Level or to Logical 0” Voc = 10V, Ry = 10k, CL = 5 pF 
Level (from High Impedance State) 
MM72C19/MM82C19 


Input Capacitance Any Input (Note 2) 
Output Capacitance (Note 2) 
MM72C19/MM82C19 
Power Dissipation Capacitance (Note 3) | | t00 | 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: ‘“‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, application note 
AN-90. 


ae 
ha 
= 
cae 
a 
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E2 E3 €E&4 


E1 


ruth Table 


D C B_ A+} STROBE | EO 


T 


6LOZ8INW/6LO2ZWW/0SLOPZWIN/OSLOPSWIN 


*For MM72C19/MM82C19 this would be Hi-Z, everything else is the same. 


Switching Time Waveforms 


CMOS to CMOS 


TL/F/5891-2 
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Switching Time Waveforms (continued) 


tyy and tyy 


INPUT OUTPUT 
B 
DISABLE 10k cy 


TL/F/5891-3 


1 
Vec 
DISABLE 0.5 Vec 
4 ia 
0.5 Vec 


TL/F/5891-5 


ty 
ty 
OUTPUT 
ton 


DISABLE 0.5 Vcc 
OH 
Vec 
OUTPUT 


O1Vee 


TL/F/5891-7 
Note: Delays measured with input t,, ts < 20 ns. 


6-65 


Vec 
DISABLE 


oH 


nes 


Vec 
OUTPUT 


TL/F/5891-4 


toy and tyo 
Vec 


INPUT OUTPUT 


DISABLE cy 


TL/F/5891-6 


Vee 


Vec 


TL/F/5891-8 
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MM54C150/MM74C 150/MM72C 19/MM82C 19 


Logic Diagrams 


e11 


E12 


E13 


E14 


STROBE 
A 


MM54C150/MM74C 150 


OUTPUT 


_ TL/F/5891-9 





Logic Diagrams (continued) 


MM72C19/MM82C19 


UE AT UT 


E11 


E12 


E13 


E14 


E18 


STROBE 


A 


TL/F/5891-10 
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MM54C 151/MM74C151 


National 
Semiconductor 


MM54C151/MM74C151 8-Channel Digital Multiplexer 


General Description 


The MM54C151/MM74C151 multiplexer is a monolithic 
complementary MOS (CMOS) integrated circuit constructed 
with N- and P-channel enhancement transistors. 

This data selector/multiplexer contains on-chip binary de- 
coding. Two outputs provide true (output Y) and comple- 
ment (output W) data. A logical “1” on the strobe input 
forces W to a logical ‘‘1” and Y to a logical “0”. 


All inputs are protected against electrostatic effects. 


Logic & Connection Diagrams 


OATA 
INPUTS 


Features 
@ Supply voltage range 


3V to 15V 


m Tenth power TTL compatible drive 2 LPTTL loads 
w High noise immunity 0.45 Voc (typ.) 


m Low power 


Applications 


50 nW (typ.) 


m Automotive m Alarm systems 
a Data terminals @ Industrial electronics 
@ Instrumentation m Remote metering 


@ Medical electronics m= Computers 


Dual-In-Line Package 


DATA INPUT 


DATA INPUTS 


DATA SELECT 


w STROBE GND 


outruTs 
TL/F/5892-2 


Top View 
Order Number MM54C151* or MM74C151* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage at any Pin —0.3V to Voc +0.3V 
Operating Temperature Range 
MM54C151 
MM74C151 


— 55°C to + 125°C 
—40°C to + 85°C 


—65°C to + 150°C 
18V 


Storage Temperature Range 
Maximum Vcc Voltage 


Power Dissipation 
Dual-In-Line 
Small Outline 
Operating Vcc Range 
Lead Temperature (Soldering, 10 sec.) 


700 mW 
500 mW 


3V to 15V 
260°C 


DC Electrical Characteristics Min/Max timits apply across temperature range unless otherwise noted 


symbol | Parameter | Conditions, | win. | Typ | Max | Units 


CMOS TO CMOS 


Logical “1” Input Voltage Voc = 5V 


Voc = 10V 
Voc = 5V 
Voc = 10V 


Logical “0” Input Voltage 
VouT(1) Logical “1” Output Voltage 


VouT(o) Logical ‘0’ Output Voltage 


Voc = 5V, lo = —10 pA 
Voc = 10V, lo = —10 pA 
Voc = 5V, lo = 10 pA 
Voc = 10V, lo = 10 pA 


1.5 
2.0 
4.6 
9.0 
0.5 
1.0 


Logical ‘1’ Input Current Voc = 15V, Vin = 15V 
Logical “0” Input Current Voc = 15V, Vin = OV 


Supply Current Voc = 15V 


Logical ‘'1” Input Voltage 


54C Vcc = 4.5V 


74C Voc = 4.75V 


Logical ‘‘O” Input Voltage 54C Voc = 4.5V 
74C Voc = 4.75V 


Logical ‘'1”” Output Voltage 


Logical ‘‘O” Output Voltage 


54C Voc = 4.5V, lo = —360 pA 
74C Voc = 4.75V, lo = —360 pA 


5406 Voc = 4.5V, lo = 360 pA 


74C Voc = 4.75V, lo = 360 pA 


ISOURCE 


Output Source Current 
Output Source Current 
Output Sink Current 


Output Sink Current 


ISOURCE 


Voc = 5V, Vinca) = OV 
Ta = 25°C, Vout = OV 


Voc = 10V, Vino) = OV 
Ta = 25°C, Vout = 0V 


Voc = 5V, Vinay = 5V 
Ta =. 25°C, Vout = Voc 


Voc = 10V, Vin(1) = 10V 





Ta = 25°C, Vout = Voc 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 
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MM54C151/MM74C151 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


Symbol —__Paranetwr_—_| conten _{_tan_{ Types _ 


tpao: tpa1 Propagation Delay Time toa 
Logical “O” or Logical “1” from 
Data to Y 


todo, tpat Propagation Delay Time toa 
Logical ‘O” or Logical “1” from 
Data to W 

todo» todt Propagation Delay Time toa 


Logical ‘‘O” or Logical “1” from 
Strobe or Data Select to Y 


| InputCapacitance | Noto =| | | 
| Power Dissipation Capacitance | (Notes) | | so | 


“AC Parameters are guaranteed by DC correlated testing. 
Note 2: Capacitance is guaranteed by periodic testing. 


. Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 


AN-90. 


Switching Time Waveforms 


Vcc 


OUTPUT (W) 


OUTPUT (Y) 


DATA INPUT 
DATA SELECT 
STROBE 


t, tt = 20 ns 


TL/F/5892~3 


AC Test Circuit 


OUTPUT (W) 


INPUTS 


TL/F/5892-4 
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MM54C151/MM74C151 


| w 
1 


jo |B | A | strobe | Do | Ds | de | Ds | m% | ds | D6 | oy | ¥ | 


Truth Table 
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MM54C154/MM74C154 


National 
Semiconductor 





-MM54C154/MM74C 154 4-Line to 16-Line 


Decoder/Demultiplexer 


General Description 


The MM54C154/MM74C154 one of sixteen decoder is a 
monolithic complementary MOS (CMOS) integrated circuit 
constructed with N- and P-channel enhancement transis- 
tors. The device is provided with two strobe inputs, both of 
which must be in the logical ‘‘0” state for normal operation. 
If either strobe input is in the logical ‘‘1” state, all 16 outputs 
will go to the logical “1” state. 


To use the product as a demultiplexer, one of the strobe 
inputs serves as a data input terminal, while the other strobe 
input must be maintained in the logical ‘‘0” state. The infor- 
mation will then be transmitted to the selected output as 
determined by the 4-line input address. 


Logic & Connection Diagrams 


| | | 
pt 


BD: 
TT] 
BO > >o 


Features 

m Supply voltage range 

@ Tenth power TTL compatible 
m High noise margin 

gm High noise immunity 


3V to 15V 

Drive 2 LPTTL loads 
1V guaranteed 

0.45 Vcc (typ.) 


Applications 
w Automotive 

@ Data terminals 

@ Instrumentation 

m Medical electronics 


m Alarm systems 

@ Industrial electronics 
= Remote metering 

= Computers 


v Y 


Y 


Dual-In-Line Package 


INPUTS STROBE OUTPUTS 


Y VY 





OUTPUTS 


TL/F/5893~2 
Top View 


Order Number MM54C154* or 
MM74C154* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


VY VV VY YY YY YY ¥ 


TL/F/5893-1 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 

contact the National Semiconductor Sales Office/ Maximum Vcc Voltage 18V 

Distributors for availability and specifications. Power Dissipation 

Voltage at Any Pin —0.3V to Voc + 0.3V Dual-In-Line 700 mW 

Operating Temperature Range Small Outline 500 mW 
MM54C154 —55°C to + 125°C Operating Vcc Range 3V to 15V 
MM74C154 — 40°C to + 85°C Lead Temperature 


(Soldering, 10 seconds) 260°C 


PSLOPZININ/PSLOPSWA 


DC Electrical Characteristics min/max limits apply across temperature range unless otherwise noted 


symbol | Parameter | Conditions| Min___| typ | Max | Units 


CMOS TO CMOS 


Logical ‘1” Input Voltage Veco = 5.0V 

Voc = 10V 

Logical “0” Input Voltage Voc = 5.0V 

Voc = 10V 
Vour(1) Logical ‘*t” Output Voltage Voc = 5.0V, lo = —10pA 
Voc = 10V, lo = —10 pA 


VourT(o) Logical ‘‘O0” Output Voltage Voc = 5.0V, Io = 10nA 
Voc = 10V, lo = 10 pA 


Logical “qn Input Current Vcc = 15V, VIN = 15V WES ee 


Logical “0” Input Current Voc = 15V, Vin = OV 


Supply Current Voc = 15V 


Logical “1” Input Voltage 54C Voc = 4.5V 
74C Voc = 4.75V 


Logical “‘0” Input Voltage 54C Vcc = 4.5V 
74C Voc = 4.75V 


Logical ‘‘1” Output Voltage 54C Voc = 4.5V, lo = —100 pA 
74C Voc = 4.75V, lo = —100 pA 


Logical ‘‘0” Output Voltage 54C Voc = 4.5V, lo = 360 pA 
74C Voc = 4.75V, lo = 360 pA 


ISOURCE Output Source Current Voc = 5.0V, Vine) = OV 
Ta = 28°C, Vout = OV 

ISOURCE Output Source Current Voc = 10V, Vinio) = OV 
Ta = 25°C, Vout = OV 


Output Sink Current Voc = 5.0V, Vinq1) = 5.0V 
Ta = 28°C, Vout = Voc 

Output Sink Current Voc = 10V, Ving) = 10V 
Ta = 28°C, Vout = Vcc 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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MM54C 154/MM74C 154 


AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise noted 


Conditions mn | typ | en 

Propagation Delay to a Logical Vec = 5.0V 

“0” from Any Input to Any Output Voc = 10V a 

Propagation Delay to a Logical Voc = 5.0V 

“0” from G1 or G2 to Any Output Voc = 10V ito 

Propagation Delay to a Logical Voc = 5.0V 

“0” from Any Input to Any Output Voc = 10V ie 
Propagation Delay to a Logical Vcc = 5.0V 

“4” from G1 or G2 to Any Output Veco = 10V 


Input Capacitance wwoea) | | so | 
Power Dissipation Capacitance (Note 3) aes ks ee 


*AC Parameters are guaranteed by DC correlated testing. 
Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. : 


Switching Time Waveforms 


A,B,C ORD G1 OR G2 





Vcc Vec 
50% ANY OUTPUT 50% 


ov ov ov 
TL/F/5893-3 TL/F/5893-4 


ANY OUTPUT 


Truth Table 
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National 
Semiconductor 


MM54C157/MM74C157 Quad 2-Input Multiplexers 


General Description 


These multiplexers are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and P-chan- 
nel enhancement transistors. They consist of four 2-input 
multiplexers with common select and enable inputs. When 
the enable input is at logical 0” the four outputs assume 
the values as selected from the inputs. When the enable 
input is at logical ‘1’, the outputs assume logical “0”. Se- 
lect decoding is done internally resulting in a single select 
input only. 


Logic & Connection Diagrams 


Dual-in-Line Package 
Veo ENABLE 3A 38 av aa 48 


SELECT 1A 


TL/F/5894-2 
Top View 


Order Number MM54C157* or MM74C157* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Truth Table 


74L hehe: 


OUT 


TL/F/5894-3 


Features 

m Supply voltage range 

@ High noise immunity 

m@ Low power 

m@ Tenth power TTL compatible 


3V to 15V 


0.45 Vcc (typ.) 
50 nW (typ.) 
Drive 2 LPTTL loads 


TL/F/5894-1 


Guaranteed Noise Margin 
as a Function of Vcc 


LOGIC LEVELS 


TL/F/5894-4 
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LSLOPZININ/ZSLOPSWN 





MM54C157/MM74C157 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Maximum Vcc Voltage 18V 
Distributors for availability and specifications. Power Dissipation (Pp) 


Voltage at Any Pin —0.3V to Voc + 0.3V Dual-In-Line 700 mW 
Operating Temperature Range -- . Small Outline 500 mW 
MMS4C157 —55°C to + 125°C Operating Vcc Range 3V to 15V 
MM740157 =a0°G te P85 Lead Temperature (Soldering, 10 sec.) 260°C 


DC Electrical Characteristics min/Maxtimits apply across temperature range unless otherwise noted 


symbol | __Parameter__—— | Conditions, | Min. | typ_| Max | Units 


CMOS TO CMOS 


Logical “1” Input Voltage Voc = 5V , 
Voc = 10V 
Logical ‘‘O” Input Voltage Voc = 5V 15 
Vcc = 10V 20 
VouT(1) Logical “1” Output Voltage Voc = 5V 45 
Voc = 10V 9.0 
VouT(0) Logical ‘0’ Output Voltage | Vcc = 5V 0.5 
Voc = 10V 1.0 


Logical ‘1” Input Current Voc = 15V 
Logical ‘‘0” Input Current Voc = 15V | = -1.0 =| -o008 | | 
Supply Current Voc = 15 ae ee 


Logical ‘‘0” Input Voltage 54C Voc = 4.5V 
74C Voc = 4.75V 


Logical ‘1”’ Output Voltage 54C Voc = 4.5V, lo = —360 pA 
74C Voc = 4.75V, lo = —360 pA 

Logical ‘‘0” Output Voltage 54C Voc = 4.5V, lo = 360 pA 
74C Voc = 4.75V, lo = 360 pA 


ISOURCE Output Source Current Vcc = 5V, Vin(o) = OV 
Ta = 25°C, Vout = OV 

ISOURCE Output Source Current Voc = 10V, Vino) = OV 
Ta = 28°C, Vout = OV 


Output Sink Current Voc = 5V, Vinay = 5V 
Ta = 25°C, Vout = Veo 


Output Sink Current Voc = 10V, Vina1) = 10V 
Ta = 25°C, Vout = Voc 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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AC Electrical Characteristics* Ta = 25°C, C_ = 50 pF, unless otherwise specified 


Symbol Conditions | Min__| Typ | Max _| 
todo: toat Propagation Delay from Voc = 5.0V 150 250 
Data to Output Voc = 10V 70 110 
todo, tpat Propagation Delay from Voc = 5V 180 300 
Select to Output Vcc = 10V 80 130 
todo: tpdt Propagation Delay from Voc = 5V 
Enable to Output Voc = 10V 
Input Capacitance (Note 2) 


Power Dissipation (Note 3) 
Capacitance 


*AC Parameters are guaranteed by DC correlated testing. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, Application Note 
AN-90. 
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MM54C160/MM74C 160/MM54C 16 1/MM74C 161/MM54C 162/MM74C 162/MM54C 163/MM74C 163 


National 
Semiconductor 


MM54C 160/MM74C160 


Decade Counter with Asynchronous Clear 


MM54C161/MM74C 161 


Binary Counter with Asynchronous Clear 


MM54C 162/MM74C 162 


Decade Counter with Synchronous Clear 


MM54C 163/MM74C163 


Binary Counter with Synchronous Clear 


General Description 


These (synchronous presettable up) counters are monolith- 
ic complementary MOS (CMOS) integrated circuits contruct- 
ed with N- and P-channel enhancement mode transistors. 
They feature an internal carry lookahead for fast counting 
schemes and for cascading packages without additional 
gating. 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next posi- 
tive clock edge. The clear function for the C162 and C163 is 
synchronous and a low level at the clear input sets all four 
outputs low after the next positive clock edge. The clear 
function for the C160 and C161 is asynchronous and a low 
level at the clear inputs sets all four outputs low regardless 
of the state of the clock. 


Counting is enabled when both count enable inputs are 
high. Input T is fed forward to also enable the carry out. The 


Connection Diagram 


Dual-In-Line Package 


Vee 


RIPPLE 
CARRY 


Qa 
Qs 
Qc 


Qp 


TL/F/5895-1 


carry output is a positive pulse with a duration approximately 
equal to the positive portion of Qa and can be used to en- 
able successive cascaded stages. Logic transitions at the 
enable P or T inputs can occur when the clock is high or 
low. 


Features 

@ High noise margin 

m@ High noise immunity 

m@ Tenth power TTL compatible 
m Wide supply voltage range 

® Internal look-ahead for fast counting schemes 
m Carry output for N-bit cascading 

@ Load control line 

m Synchronously programmable 


1V guaranteed 

0.45 Voc (typ.) 
Drives 2 LPTTL loads 
3V to 15V 


Order Number MM54C 160*, MM74C160*, 
MM54C161*, MM74C161*, MM54C 162", 
MM74C162*, MM54C163* or MM74C163* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Maximum Vcc Voltage 18V 
Distributors for availability and specifications. Power Dissipation (Pp) 


Voltage at Any Pin —0.3V to Veo + 0.3V Dual-In-Line 700 mW 


Operating Temperature Range Small Outline 500 mw 
MM54C160/1/2/3 —55°C to + 125°C Operating Voc Range 3V to 15V 


MMZaCtGOnte/3 — 40°C to +85°C Lead Temperature (Soldering, 10 seconds) 260°C 


DC Electrical Characteristics min/Max limits apply across temperature range unless otherwise noted 


Symbol Conditions | Min | typ | Max | Units 


CMOS TO CMOS 


Logical ‘‘1” Input Voltage Voc = 5V 
Veco = 10V 
Logical ‘‘0” Input Voltage Vcc = 5V 1.5 
Voc = 10V 2.0 
VouT(1) Logical 1” Output Voltage Voc = 5V, lo = —10 pA 
Voc = 10V, lo = —10 pA 
VouTio) Logical ‘‘0” Output Voltage Voc = SV, lo = 10 pA 0.5 
Voc = 10V, lo = 10 pA 1.0 


Logical ‘'1” Input Current Voc = 15V, Vin = 15V | | 0.005 | 1.0 | 
Logical “0” Input Current Voc = 15V, Vin = OV | =1.0 | —0,005 eel 
Supply Current Voo = 15V || .05 | 300 | 


CMOS TO LPTTL INTERFACE 
Logical “1” Input Voltage 54C Vcc = 4.5V Voco—1.5 
740 Voc = 4.75V Voc~ 1.5 
Logical “0” Input Voltage 54C Vcc = 4.5V 0.8 
74C Voc = 4.75V 0.8 
Vout(1) Logical “1” Output Voltage 54C Voc = 4.5V, lo = —360 pA 2.4 
74C Voc = 4.75V, lo = —360 pA 2.4 
VourT(o) Logical ‘‘0” Output Voltage 54C Voc = 4.5V, lo = 360 pA 0.4 
74C Voc = 4.75V, lo = 360 pA 0.4 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 


ISOURCE Output Source Current Voc = 5V, Vin(o) = OV 
Ta = 26°C, Vout = OV 


ISOURCE Output Source Current Vec = 10V, Vino) = OV 
Ta = 25°C, Vout = OV 


Output Sink Current Voc = 5V, Vina) = 5V 
Ta = 28°C, Vout = Voc 


Output Sink Current Voc = 10V, Vini1) = 10V 
Ta = 25°C, Vout = Voc 
Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 


they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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MM54C 160/MM74C160/MM54C 161/MM74C161/MM54C 162/MM74C 162/MM54C 163/MM74C163 


AC Electrical Characteristics* Ta = 25°C, CL = 50 pf, unless otherwise noted 


symbol | Parameter | Conditions | min | typ | Max | Units 
tod Propagation Delay Time from Clock to Q Voc = 5V 250 400 ns 
Voc = 10V 100 160 ns 
tod Propagation Delay Time from Clock to Carry Out Voc = 5V 290 450 “ons 
Voc = 10V 120 190 ns 
tod Propagation Delay Time from T Enable to Carry Out Vcc = 5V 180 290 ns 
Voc = 10V 70 120 ns ; 
tod Propagation Time from Clear to Q Voc = 5V 190 300 "ons 
(C160 and C161 only) Voc = 10V 80 150 ns 
ts Time prior to Clock that Data or Load must be Present Vcc = 5V 120 ns 
Voc = 10V 30 ns 
ts Time prior to Clock that Enable P or T must be Present Voc = 5V 170 280 ns 
Voc = 10V 70 120 ns 


ts Time prior to Clock that Clear must be Present Voc = 5V 120 190 ns 
(162, 163 only) Voc = 10V 50 80 ns 

tw Minimum Clock Pulses Width Voc = 5V 170 ns 
Voc = 10V 70 ns 

tr, te Maximum Clock Rise or Fall Time Voc = 5V. 15 ps 

Voc =.10V 5 BS - 

fMaAx Maximum Clock Frequency Voc = 5V MHz 
‘ Voc = 10V MHz 


Cpp Power Dissipation Capacitance | (Notes) | | pF 
Cn Input Capacitance | ote =| | os | 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 


Logic Waveforms 
C160, C163 Decade Counters 
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Logic Waveforms (continued) 
C161,...C163 Binary Counters 
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Logic Diagrams 
MM74C160, MM74C 162; Clear is Synchronous for the MM74C 162 


A... A 


Ch CLOCK a _ 
CLEAR a 
Oo 
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MM54C 160/MM74C 160/MM54C 161/MM74C 161/MM54C 162/MM74C 162/MM54C 163/MM74C 163 


Logic Diagrams (continued) 
MM74C 161, MM74C 163; Clear is Synchronous for the MM74C163 


Switching Time Waveforms 


CLEAR 50% 


50% 
's1oa0 


ts pata 


ENABLE P 
ORT 50% 


50% 
OUTPUT 50% 
tes? 


toa crear for C160 and C161 only TL/F/5895-6 


Note 1: All input pulses are from generators having the following character- 
istics; t- = t) = 20 ns, PRR < 1 MHz, duty cycle < 50%, Zoyy ~ 50. 


Note 2: All times are measured from 50% to 50%. 


Cascading Packages 


TL/F/S895-7 
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OUTPUT 


TL/F/5895-5 





National 
Semiconductor 


MM54C 164/MM74C 164 


8-Bit Parallel-Out Serial Shift Register 


General Description 


The MM54C164/MM74C164 shift registers are a monolithic 
complementary MOS (CMOS) integrated circuit constructed 
with N- and P-channel enhancement transistors. These 8-bit 
shift registers have gated serial inputs and clear. Each regis- 
ter bit is a D-type master/slave flip-flop. A high-level input 
enables the other input which will then determine the state 
of the flip-flop. 

Data is serially shifted in and out of the 8-bit register during 
the positive going transition of clock pulse. Clear is indepen- 
dent of the clock and accomplished by a low level at the 
clear input. All inputs are protected against electrostatic ef- 
fects. 


Truth Table 


Serial Inputs A and B 


Block Diagram 


1 & 
oD a 


Features 

m@ Supply voltage range 

m@ Tenth power TTL compatible 
m@ High noise immunity 

™ Low power 

= Medium speed operation 


3V to 15V 

drive 2 LPTTL loads 
0.45 Voc (typ.) 

50 nW (typ.) 

0.8 MHz (typ.) 

with 10V supply 


Applications 
@ Data terminals 
@ Instrumentation 
@ Medical electronics 
a@ Alarm systems 


g Industrial electronics 
m Remote metering 
= Computers 


Connection Diagram 
Dual-In-Line Package 
OUTPUTS 


CLEAR CLOCK 


INPUTS OUTPUTS 


TL/F/5896—2 


Top View 
Order Number MM54C164* or MM74C164* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


a ee hehe a: ie: 


TL/F/5896-1 
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MM54C 164/MM74C 164 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Absolute Maximum Voc 18V 
Distributors for availability and specifications. Power Dissipation (Pp) 


Voltage at Any Pin —0.3V to Voc + 0.3V Dual-In-Line 700 mW 
Operating Temperature Range Small Outline , 500 mw 
MMS54C164 —55°C to + 125°C Operating Vcc Range 3V to 15V 
MM74C164 —40°C to + 85°C Lead Temperature (soldering, 10 sec.) 260°C 


DC Electrical Characteristics min/max timits apply across temperature range unless otherwise noted 


Symbol Conditions | min | typ | Max | Units 


CMOS TO CMOS 


Logical “1” Input Voltage Voc = 5V 
Vcc = 10V 


Logical ‘O” Input Voltage Voc = 5V 
Voc = 10V 


Vour(1) Logical “1” Output Voltage Voc = 5V, Io = —10 pA 
Voc = 10V, lo = —10 pA 


VouT(o) Logical “‘O” Output Voltage Voc = 5V, lo = +10 pA 
Voc = 10V, 19 = +10 pA 


Logical “1” Input Current Voc = 15V, Vin = 15V 
Logical “0” Input Current Voc = 15V, Vin = OV 


Supply Current Voc = 15V 


Logical “1” Input Voltage 54C Voc = 4.5V 


74C Voc = 4.75V 


Logical ‘O” Input Voltage 54C Vcc = 4.5V 
74C Voc = 4.75V 


Logical “1” Output Voltage 540 Vcc = 4.5V, lo = —360 pA 
74C Voc = 4.75V, lo = —360 pA 


Logical “0” Output Voltage 54C Vcc = 4.5V, lo = 360 pA 
74C Voc = 4.75V, lo = 360 pA 


IsouRcE | Output Source Current Voc = 5V, Vin@) = OV 
Ta = 25°C, Vout = OV 


ISOURCE Output Source Current Voc = 10V, Vinca) = OV 
Ta = 28°C, Vout = OV 


Output Sink Current Voc = 5V, Vin) = 5V 
Ta = 28°C, Vout = Vcc 


Output Sink Current Voc = 10V, Vina) = 10V 
Ta = 25°C, Vout = Vcc 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 
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AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise noted 


Symbol Conditions 


todt Propagation Delay Time to a Logical “0” ora Vcc = 5V 
Logical ‘‘1” from Clock to Q Vcc = 10V 


tpao Propagation Delay Time to a Logical “0” from Voc = 5V 
Clear to Q Voc = 10V 


ts Time Prior to Clock Pulse that Data Vcc = 5V 
Must be Present Vcc = 10V 

ty Time After Clock Pulse that Voc = 5V 
Data Must be Held Vcc = 10V 

Maximum Clock Frequency Vcc = 5V 
Voc = 10V 

Minimum Clear Pulse Width Voc = 5V 
Voc = 10V 

Maximum Clock Rise and Fall Time Voc = 5V 
Voc = 10V 


Cin Input Capacitance Any Input (Note 2) 
Cpp Power Dissipation Capacitance (Note 3) 


*AC Parameters are guaranteed by DC correlated testing. 
Note 2: Capacitance is guaranteed by periodic testing. 


ns 
ns 
ps 
ps 
pF 
pF 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 


AN-90. 


Logic Waveforms 
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MM54C 164/MM74C 164 


Switching Time Waveforms 
CMOS to CMOS TTL to CMOS 











90%: 
1.5V 





1.5V 





tserues | tnoror 


Voc 





ov 
TL/F/5896-4 TL/F/5896-5 
tp = ts = 20ns , 
AC Test Circuit 
INPUTS 
CLOCK O 





TL/F/5896-6 


Typical Applications 


74C Compatibility Guaranteed Noise Margin 


Vee - as a Function of Vcc 





LOGIC LEVELS 


TL/F/5896-7 
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National 
Semiconductor 


MM54C165/MM74C165 


Parallel-Load 8-Bit Shift Register 


General Description 


The MM54C165/MM74C165 is an 8-bit serial shift register 
which shifts data from Qa to Qy when clocked. Parallel in- 
puts to each stage are enabled by a low level at the shift/ 
load input. Also included is a gated clock input and a com- 
plementary output from the eighth bit. 


Clocking is accomplished through a 2-input NOR-gate per- 
mitting one input to be used as a clock-inhibit function. Hold- 
ing either of the clock inputs high inhibits clocking, and hold- 
ing either clock input low with the shift/load high enables 
the other clock input. Data transfer occurs on the positive 
edge of the clock. The clock inhibit input should be changed 
to a high level only while the clock input is high. Parallel 
loading is inhibited as long as the shift/load input is high. 


Connection and Block Diagrams 


Dual-In-Line Package 


PARALLEL INPUTS 
CLOCK 
Vcc INHIBIT 


SERIAL OUTPUT 
INPUT Oy 


SHIFT/ CLOCK OUTPUT GND 
LOAD Q,, 


PARALLEL INPUTS 
TL/F/5897-1 
Top View 


When taken low, data at the parallel inputs is loaded directly 
into the register independent of the state of the clock. 


Features 

m@ Wide supply voltage range 3V to 15V 

m™ Guaranteed noise margin 1V 

@ High noise immunity 0.45 Vcc (typ.) 

@ Low power TTL compatibility fan out of 2 
driving 74L 

@ Direct overriding load 

g@ Gated clock inputs 

@ Fully static operation 


CLOCK 
CLOCK INHIBIT 


SHIFT/ ~_! 
LOAD 
S/L 
st 


TL/F/5897-2 


Order Number MM54C165* or MM74C165* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Storage Temperature Range —65°C to + 150°C 
Absolute Maximum Vcc 18V 


MM54C165/MM74C165 


Power Dissipation 
Dual-in-Line 
Small Outline 500 mw 


Operating Vcc Range 3V to 15V 
Lead Temperature (Soldering, 10 sec.) 260°C 


Voltage at Any Pin —0.3V to Voc t+ 0.3V 
Operating Temperature Range 
MM54C165 
MM74C165 


700 mW 


—58°C to + 125°C 
—40°C to + 85°C 


DC Electrical Characteristics min/Max|imits apply across temperature range unless otherwise noted 


Symbol Conditions | Min | tye | Max | units 


CMOS TO CMOS 
Logical ‘'1” Input Voltage Voc = 5V 

Voc = 10V 
Vcc = 5V 
Voc = 10V 
Voc = 5V,lo = —10 pA 
Voc = 10V, lo = —10 pA : 
Voc = 5V, lo = +10 pA 
Voc = 10V,lo= +10pA . 


Logical “1” Input Current Voc = 15V, Vin = 15V ae 


Logical “0” Input Current Voc = 15V, Vin = OV 


Logical ‘‘O” Input Voltage 
VouT(1) Logical ‘'1” Output Voltage 


VouT(0) Logical “0” Output Voltage 


Supply Current Voc = 15V 


CMOS TO LPTTL INTERFACE 


Logical “1” Input Voltage 54C Voc = 4.5V 
74C Voc = 4.75V 


54C Voc = 4.5V © 

74C Voc = 4.75V 

54C Voc = 4.5V, lo = —360 pA 
74C Voc = 4.75V, lo = —360 pA 
54C Voc = 4.5V, lo = 360 pA 
74C Voc = 4.75V, lo = 360 pA 


Logical “0” input Voltage 
VouT(1) Logical “1” Output Voltage 


VouTio) Logical ‘‘O” Output Voltage 


ISOURCE Output Source Current Voc = 5V 
(P-Channel) Ta = 25°C, Vout = OV 


Output Source Current 
(P-Channel) 


Output Sink Current 
(N-Channel) 


Output Sink Current Voc = 10V 
(N-Channel) Ta = 25°C, Vout = Voc 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Vcc = 10V 

Ta = 25°C, Vout = OV 
Voc = 5V 

Ta = 25°C, Vout = Voc 


ISOURCE 
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AC Electrical Characteristics* Ta = 25°C, C, = 50 pF, unless otherwise noted 


Symbol Conditions | Max | Units 

todo: tpat Propagation Delay Time to a Logical “0” or Voc = 5V 400 ns 
Logical ‘‘1" from Clock or Load to Q or Q Voc = 10V 200 ns 

todo: tat Propagation Delay Time to a Logical “0” or Vcc = 5V 400 ns 
Logical “1” from H to Q or Q Voc = 10V 200 ns 


ts Clock Inhibit Set-up Time Voc = 5V 150 
Voc = 10V 





ts Serial Input Set-up Time Voc = 5V 


Voc = 10V oa 
ts Parallel Input Set-Up Time Vcc = 5V 150 
Voc = 10V 60 


Typ 
200 
80 
200 
80 
75 
30 
eee 8! __] ns 
ty Serial Input Hold Time Voc = 5V ns 
Voc = 10V ns 
75 ns 
30 ns 
tH Parallel Input Hold Time Voc = 5V ns 
Voc = 10V ns 
tw Minimum Clock Pulse Width Voc = 5V 70 200 ns 
Voc = 10V 30 100 ns 
tw Minimum Load Pulse Width Voc = 5V 180 ns 
Voc = 10V 90 ns 
fax Maximum Clock Frequency Voc = 5V 6 MHz 
Voc = 10V 12 MHz 
tr, te Maximum Clock Rise and Fall Time Voc = 5V ps 
Vec = 10V ps 
Cin Input Capacitance (Note 2) (eee a pF 


Cpp Power Dissipation Capacitance (Note 3) a a pF 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 





Switching Time Waveforms 


CLOCK 
INHIBIT 















SERIAL 
INPUT 






F&H 
INPUTS 






SHIFT/ 
LOAD 








a, 









TL/F/5897-4 





Note A: The remaining six data and the serial input are low. 
Note B: Prior to test, high level data is loaded into H input. 
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S9LOPZWA/SSLOPSWIN 





MM54C165/MM74C 165 


Truth Table 


H = Vinay L = Vinyo) 
X = irrelevant 
T = transition from Vin) to Vinc1) 


a...h = the level at data inputs A thru H 


Internal 
Outputs 


Qao, QBo, QHo = the level of Qa, Qg or Qu, before the indicated input conditions were established 
Qan QGn = the level of Qa or Qg before the most recent T transition of the clock 


Logic Waveforms 


CLOCK INHIBIT 
SERIAL INPUT 


SHIFT/LOAD 


A 


OUTPUT OQ, 


OUTPUT Oy _ 


INHIBIT 
LOAD 


SERIAL SHIFT 
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TL/F/5897-5 





National 
Semiconductor 


MM54C173/MM74C173 TRI-STATE® Quad D Flip-Flop 


General Description Features 


The MM54C173/MM74C173 TRI-STATE quad D flip-flop is ™ Supply voltage range 3V to 15V 
a monolithic complementary MOS (CMOS) integrated circuit 1m Tenth power TTL compatible Drive 2 LPTTL loads 
constructed with N- and P-channel enhancement transis- © m High noise immunity 0.45 Vcc (typ.) 
tors. The four D-type flip-flops operate synchronously froma —@ Low power 

common clock. The TRI-STATE output allows the device to 
be used in bus-organized systems. 

The outputs are placed in the TRI-STATE mode when either 
of the two output disable pins are in the logic “1” level. The 
input disable allows the flip-flops to remain in their present : : 

states without disrupting the clock. If either of the two input Ap plications 

disables are taken to a logic “1” level, the Q outputs are fed Automotive m™ Alarm systems 

back to the inputs and in this manner the flip-flops do not + Data terminals m Industrial electronics 
change state. # Instrumentation m Remote metering 


Clearing is enabled by taking the input to a logic “1” level. ™% Medical electronics = Computers 
Clocking occurs on the positive-going transition. 


EZLOPZWNIW/EZLOPSWIN 


= Medium speed operation 
@ High impedance TRI-STATE 
m@ Input disable without gating the clock 


Connection Diagram 


Dual-In-Line Package 
DATA DATA 


INPUT INPUT INPUT INPUT INPUT INPUT 
A B c 


Vec CLEAR D _—sCDISABLE DISABLE 


10 9 


1S 14 13 12 11 
2 3 4 5 6 


OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT CP GND 
DISABLE DISABLE A B c D 


7 8 


TL/F/5898-2 


Top View 
Order Number MM54C173* or MM74C173* 


*Please look into Section 8, Appendix D for availability of various package types. 


Truth Table 


(Both Output Disables Low) 


Data 
Data Input Disable Pata | output 
Logic “1” on One or Both Inputs X 
Logic “0” on Both Inputs 1 
Logic “0” on Both Inputs 0 
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MM54C173/MM74C173 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Maximum Vcc Voltage 18V 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 

Distributors for availability and specifications. Dual-In-Line 700 mW 
Voltage at Any Pin —0.3V to Voc +0.3V Small Outline 500 mw 
Operating Temperature Range ~ Operating Vcc Range -3V to 15V 


MMS4C173 —55°C to + 125°C Lead Temperature (Soldering, 10 seconds) 260°C 
MM74C173 —40°C to + 85°C — 


Storage Temperature Range —65°C to + 150°C 


DC Electrical Characteristics min/Max timits apply across temperature range unless otherwise specified. 


Symbol Conditions | Min | typ | Max | units 


CMOS TO CMOS 


Logical “1” Input Voltage Voc = 5V 
Voc = 10V 
Logical “0” Input Voltage Vec = 5V 1.5 
Voc = 10V 2.0 
VouT(1) Logical ‘‘1” ups Voltage Voc = 5V 
Veco = 10V 


VouTio) Logical ‘‘0” Output Voltage Voc = 5V 
Voc = 10V 


Maeno | “4” Input Current Voc = 15V 


| Logical “0” Input Current _| “O” Input Current 


Output Current in High Voc = 15V, Vo = 15V 
ce eee State Voc = 15V, Vo = OV 


| SupplyCurrent = Current Voc = 15V 
LOW POWER TTL/CMOS INTERFACE 


Logical ‘‘1” Input Voltage 54C, Voc = 4.5V Voo—1.5 
740, Voc = 4.5V Voc— 1.5 


Logical “0” Input Voltage 54C, Voc = 4.5V 
74C, Voc = 4.75V 


VourT(1) Logical ‘1”” Output Voltage 54C, Voc = 4.5V, lo = —360 pA 
74C, Voc = 4.75V, lo = —360 pA 

VouT(1) Logical ‘‘O” Output Voltage 54C, Voc = 4.5V, lo = 360 pA 
74C, Voc = 4.75V, lo = 360 pA 


todo: toat Propagation Delay Time to 
a Logical “0” or Logical Voc = 5V, C_ = 50 pF, 
“4” from Clock Ta = 25°C 


ISOURCE Output Source Current Voc = 5V, Vino) = OV 
Ta = 25°C, Vout = OV 


ISOURCE Output Source Current Voc = 10V, Vino) = OV 
Ta = 25°C, Vout = OV 


Output Sink Current Vec = 5V, Vinay = 5V 
Ta = 25°C, Vout = Vcc’ 
Output Sink Current ae = 10V, Vina) = 10V 
= 25°C, Vout = Vcc 


Note 1: “Absolute Maximum Ratings” are those values ao which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 
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AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


Symbol Parameter 


Conditions 
todos tpat Propagation Delay Time to a Logical ‘‘O” Voc = 5V 
or Logical “1” from Clock to Output Voc = 10V 
Input Data Set-up Time Voc = 5V 
Veco = 10V 
Input Data Hold Time Voc = 5V 
Vec = 10V 
Input Disable Set-up Time, ts piss Vcc = 5V 
Voc = 10V 
Input Disable Hold Time, ty piss Voc = 5V 
Vcc = 10V 


tyH: ton Delay from Output Disable to High Impedance Voc = 5V, RL = 10k 
State (from Logical “1” or Logical ‘‘0” Level) Voc = 10V, Ry = 10k 


EZLOPZININ/EZLOPSINN 


tH Delay from Output Disable to Logical ‘‘1”’ Voc = 5V 
Level (from High Impedance State) Voc = 10V 


tHo Delay from Output Disable to Logical ‘‘0” Vcc = 5V 
Level (from High Impedance State) Voc = 10V 
Voc = 5V 
Voc = 10V 
Voc = 5V 
Voc = 10V 
tw Minimum Clear Pulse Width Voc = 5V 
Voc = 10V 
Maximum Clock Rise and Fall Time Voc = 5V 
Voc = 10V 
(Note 2) 


ae 
(Note 3) — 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guarantee.d Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


todo: toat Propagation Delay from Clear to Output 


fMax Maximum Clock Frequency 


Cin Input Capacitance 


Cpp Power Dissipation Capacitance 


*AC Parameters are guaranteed by DC correlated testing. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 


Switching Time Waveforms 


OUTPUT 
DISABLE 


DATA 
INPUT 


tu pata 





TL/F/5898-3 
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MM54C173/MM74C173 


Logic Diagram 
INPUTA © 


DATA INPUT 
DISABLE 


| 


CLOCK O 


CLEAR O 


INPUT BO 


INPUT C © 


INPUT DO 


OUTPUT 
DISABLE 


| 


O OUTPUT A 


© OUTPUT B 


O OUTPUT C 


O OUTPUT D 


TL/F/5898-1 





National 
Semiconductor 


MM54C 174/MM74C174 Hex D Flip-Flop 


General Description Features 


The MM54C174/MM74C174 hex D flip-flop is a monolithic | ™ Wide supply voltage range 
complementary MOS (CMOS) integrated circuit constructed ™ Guaranteed noise margin 
with N- and P-channel enhancement transistors. All have a High noise immunity 

direct clear input. Information at the D inputs meeting the gy Low power TTL compatibility 
setup time requirements is transferred to the Q outputs on 

the positive-going edge of the clock pulse. Clear is indepen- 

dent of clock and accomplished by a low level at the clear 

input. All inputs are protected by diodes to Vcc and GND. 


Logic and Connection Diagrams 


TL/F/5899-1 


Dual-In-Line Package Truth Table 


5D $a 40 40 CLOCK 


er 
Senn 


TEAR | ote Le 
Reaaeee! 


3.0V to 15V 
1.0V 


0.45 Vcc (typ.) 
Fan out of 2 


driving 74L 


TL/F/5899-2 


TL/F/5899-3 





20 20 30 30 GND 
TL/F/5899-4 


Top View 
Order Number MM54C174* or MM74C174* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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MM54C174/MM74C174 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 
Distributors for availability and specifications. Dual-In-Line 700 mw 


Voltage at Any Pin —0.3V to Voc +0.3V Small Outline 500 mW 


Operating Temperature Range - Operating Voc Range 3.0V to 15V 
MM54C174 —55°C to + 125°C Absolute Maximum Voc 18V 


Mae Tee GOES Lead Temperature (Soldering, 10 sec.) 260°C 


DC Electrical Characteristics min/maxtimits apply across temperature range unless otherwise specified 


symbol | __Parameter_—— | Conditions | win | typ__| Max | Units 


CMOS TO CMOS 
Logical ‘‘1”’ Input Voltage Voc = 5V 
Voc = 10V 
Logical ‘‘0” Input Voltage Voc = 5V 
Voc = 10V 


VourT(1) Logical “qe Output Voltage Vcec = 5V, lo = —10 pA 
Voc = 10V, lo = —10 pA 


VouT(o) Logical ‘‘O0” Output Voltage Voc = 5V, lo = 10 pA 
: Voc = 10V, lo = 10 pA 


Logical ‘‘1” Input Current Voc = 15V, Vin = 15V 


Logical “0” Input Current Voc = 15V, Vin = OV 


Supply Current Voc = 15V 


Logical ‘‘1” Input Voltage 54C, Voc = 4.5V 


74C, Voc = 4.75V 


Logical ‘‘O” Input Voltage 54C, Vcc = 4.5V 
74C, Voc = 4.75V 


Vour(1) Logical “1” Output Voltage 54C, Voc = 4.5V, lo = —360 pA 
74C, Voc = 4.75V, lo = —360 pA 


VourT(0) Logical “0” Output Voltage 546, Voc = 4.5V, lo = 360 pA 


74C, Voc = 4.75V, lo = 360 pA 
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 


ISOURCE Output Source Current Voc = 5V 1.75 
(P-Channel) Ta = 25°C, Vout = OV 


ISOURCE Output Source Current Voc = 10V 
(P-Channel) Ta = 25°C, Vout = OV 
Output Sink Current Voc = 
(N-Channel) Ta = Be ue Vout = OV 
Output Sink Current Ms = 5V 16 
(N-Channel) = 25°C, Vout = OV 


Note 1: “Absolute Maximum Ratings” are those values er which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 
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AC Electrical Characteristics* Ta = 25°C, Cy = 50 pF, unless otherwise noted 


Symbol Parameter | Conditions| 


tod Propagation Delay Time to a Logical Voc = 5V 
“0” or Logical “1” from Clock to Q Voc = 10V 


PLLOPZININ/PZLOPSINW 


300 
110 


tod Propagation Delay Time to Voc = 5V 

a Logical ‘‘O” from Clear Voc = 10V at 
ts1, tso Time Prior to Clock Pulse that Voc = 5V 

Data Must be Present Voc = 10V 


tH1, tho Time after Clock Pulse Voc = 5V 
that Data Must be Held Voc = 10V 


tw Minimum Clock Pulse Width Voc = 5V 
Vcc = 10V 


tw Minimum Clear Pulse Width Voc = 5V 
Voc = 10V 


tr, ty Maximum Clock Rise and Voc = 15 > 1200 
Fall Time Voc = “0 5.0 >1200 


fax Maximum Clock Frequency Voc = 5V 
Vcc = 10V 


Cin Input Capacitance Clear Input (Note 2) 
Any Other Input 
Cpp Power Dissipation Capacitance Per Package (Note 3) 


*AC Parameters are guaranteed by DC correlated testing. 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 


as 
on 


= 
am 
N 


DU 
m7 


no] 
nN 


Switching Time Waveforms AC Test Circuit 
CMOS to CMOS 


TL/F/5899-6 


90% 50% 
50% 





TL/F/5899-5 
te = ty = 20ns 
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MM54C175/MM74C175 





National 


Semiconductor 


MM54C 175/MM74C175 Quad D Flip-Flop 


General Description 


The MM54C175/MM74C175 consists of four positive-edge 


triggered D type flip-flops implemented with monolithic clamps to Voc and GND. 
CMOS technology. Both are true and complemented out- 

puts from each flip-flop are externally available. All four flip- Features 

flops are controlled by a common clock and a common = wide supply voltage range 


clear. Information at the D inputs meeting the set-up time 
requirements is transferred to the Q outputs on the positive- 
going edge of the clock pulse. The clearing operation, en- 


abled by a negative pulse at 


- m Guaranteed noise margin 
m High noise immunity 


Clear input, clears all four Q 


outputs to logical “0” and Q’s to logical “1”. 


Connection Diagram & Truth Table 


Dual-In-Line Package 
4D 30 30 


14 13 


12 
a Ay 7 a1 V 
CLEAR CLEAR |O 
: CLOCK D D CLOCK 
) ) 


() .) 

CLOCK D D CLOCK 
CLEAR a 2 CLEARED 
Q a a Qa 

2 3 § 





CLEAR 1a 


Top View 
Order Number MM54C175* or MM74C175* 


*Please look into Section 8, Appendix D for availability of various package types. 


Each Flip-Flop 


H = High level! 

L = Low leve! 

X = Irrelevant 

T = Transition from low to high level 
NC = No change 
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m Low power TTL compatibility 


All inputs are protected from static discharge by diode 


3V to 15V 
1.0V 

0.45 Vcc (typ.) 
Fan out of 2 
driving 74L 


TL/F/5900-1 





Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Voltage at Any Pin —0.3V to Voc +0.3V 


Operating Temperature Range 
MM54C175 
MM74C175 


—55°C to + 125°C 
—40°C to +85°C 


Storage Temperature Range 
Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Operating Vcc Range 
Absolute Maximum Vcc 


Lead Temperature 
(Soldering, 10 seconds) 


~—65°C to + 150°C 


700 mW 
500 mW 


3V to 15V 


18V 


260°C 


DC Electrical Characteristics min/max limits apply across temperature range unless otherwise specified 


CMOS TO CMOS 


Logical ‘'1” Input Voltage Voc = 5V 


Vcc = 10V 
Voc = 5V 
Voc =10V | 


Logical “0” Input Voltage 
VoutT(1) Logical ‘‘1”” Output Voltage 


Logical ‘‘O” Output Voltage 


VouTi(o) 


Voc = SV, lo = —10 pA 
Voc = 10V, lo = —10 pA 


Voc = 5V, lo = 10 pA 
Voc = 10V, lo = 10 pA 


Logical “1” Input Current Voc = 15V, Vin = 15V 
Logical “0” Input Current Voc = 15V, Vin = OV 


1.5 

ca ae 
4.5 

Ezz 
ann a 

1.0 
008 
[=i0 [nan [| 


CMOS/LPTTL INTERFACE 


Logical ‘1” Input Voltage 54C, Vcc = 4.5V 


74C, Voc = 4.75V 


540, Vcc = 4.5V 
74C, Voc = 4.75V 


Logical “‘0” Input Voltage 


VouT(1) Logical “1” Output Voltage 


740, Voc = 4.75V, lo 


Vout(o) Logical ‘‘0” Output Voltage 


74C, Voc = 4.75V, lo 


ISOURCE 


Output Source Current 
(P-Channel) 

Output Source Current 
(P-Channel) 

Output Sink Current 
(N-Channel) 

Output Sink Current 
(N-Channel) 


Vout = OV 


ISOURCE 
Vout = OV 


Voc = 5V, Ta = 25°C. 
Vout = Vcc 


Vout = Vcc 


54C, Vcc = 4.5V, lo = —360 pA 


54C, Vcc = 4.5V, lo = 360 pA 


Voc = 5V, Ta = 25°C, 


Voc = 10V, Ta = 25°C, 


Voc — 1.5 
Voc — 1.5 


0.8 
0.8 
2.4 
2.4 
0.4 
0.4 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 


= —360 pA 


= 360 pA 


pnt | aa | 


pus | oe | 


Voc = 10V, Ta = 25°C, 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 
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MM54C175/MM74C175 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


Symbol Conditions | Min | Typ_| Max | Units 
Propagation Delay Time to 190 300 ns 
a Logical ‘‘0” or Logical ‘'1” from 75 110 ns 
Clock to Q or Q 
tod Propagation Delay Time to a Voc = 5V 180 300 
Logical “0” from Clear to Q Voc = 10V 70 110 
toa Propagation Delay Time to a Voc = 5V 400 
Logical ‘‘1” from Clear to Q Voc = 10V 150 
ts Time Prior to Clock Pulse that Voc = 5V 
Data Must be Present Voc = 10V 
ty Time After Clock Pulse that Voc = 5V 
Data Must be Held Voc = 10V 
tw Minimum Clock Pulse Width Voc = 5.0V 
Voc = 10V 
Minimum Clear Pulse Width Veco = 5.0V 
Vcc = 10V 
Maximum Clock Rise Time Voc = 5V 
Voc = 10V 
Maximum Clock Fall Time Voc = 5V 
Voc = 10V 
fMax Maximum Clock Frequency Voc = 5V 
Voc = 10V 


Cin Input Capacitance Clear Input (Note 2) 
Any Other Input 


Cpp Power Dissipation Capacitance Per Package (Note 3) fT t30 | 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 


Switching Time Waveforms 
CMOS to CMOS 


t= 20ns 
TL/F/5900-6 
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Logic Diagram 


Typical One of Four 


SZLOPZWIN/SZLOPSINW 


TL/F/5900-4 


TL/F/5900-5 
TL/F/5900~2 


TL/F/5900-3 
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MM54C 192/MM74C 192/MM54C 193/MM74C 193 





National 
Semiconductor 


MM54C192/MM74C192 


Synchronous 4-Bit Up/Down Decade Counter 


MM54C 193/MM74C193 


Synchronous 4-Bit Up/Down Binary Counter 


General Description 


These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The MM54C192 and 
MM74C192 are BCD counters, while the MM54C193 and 
MM74C193 are binary counters. 


Counting up and counting down is performed by two count 
inputs, one being held high while the other is clocked. The 
outputs change on the positive-going transition of this clock. 


These counters feature preset inputs that are set when load 
is a logical “0” and a clear which forces all outputs to “0” 
when it is at a logical ‘‘1””. The counters also have carry and 
borrow outputs so that they can be cascaded using no ex- 
ternal circuitry. 


Connection Diagram 


Features 

m@ High noise margin 

m@ Tenth power TTL compatible 
m Wide supply range 

@ Carry and borrow outputs for N-bit cascading 
m Asynchronous clear 
@ High noise immunity 


1V guaranteed 
Drive 2 LPTTL loads 
3V to 15V 


0.45 Voc (typ.) 


Dual-In-Line Package 


INPUTS 
DATA 
A 


DATA Og Oa 


B 
INPUT 


OUTPUTS 


OUTPUTS 


CLEAR BORROW CARRY 


INPUTS 


DATA DATA 
LOAD C D 


COUNT COUNT O¢ Q> 
DOWN — 
Nein ime 


UP 
OUTPUTS 


INPUTS 


TL/F/5901~-1 


Top View 


Order Number MM54C192*, MM74C192*, 
MM54C193* or MM74C193* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, Storage Temperature Range (Ts) —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Maximum Vcc Voltage 18V 
Distributors for availability and specifications. Power Dissipation (Pp) 


Voltage at Any Pin —0.3V to Vcc + 0.3V Dual-In-Line 700 mw 
Operating Temperature Range (Ta) Small Outline 500 mW 


MM54C154 “55°C to + eo Operating Vcc Range 3V to 15V 
MM74C154 — 40°C to + 85°C Lead Temperature (Ta) 


(Soldering, 10 sec.) 260°C 


DC Electrical Characteristics min/max limits apply across temperature range unless otherwise noted 


Symbol Conditions | Min | typ | Max | units 


CMOS TO CMOS 


Logical ‘1” Input Voltage Voc = 5V 3.5 
Voc = 10V 8.0 
Logical “0” Input Voltage Voc = 5V 
Voc = 10V 


VouT(1) Logical ‘1 Output Voltage Voc = 5V, lo = —10 pA 
Voc = 10V, lo = —10 pA 


€6LOPZWIN/E6LOPSINW/Z6LOPZWA/C6LOPSIAIN 


VouT(0) Logical “0” Output Voltage Voc = 5V, Io = 10 pA 
Voc = 10V, Io = 10 pA 


Logical ‘‘1” Input Current Voc = 15V, Vin = 15V 
Logical “0” Input Current Voc = 15V, Vin = OV 
Supply Current Voc = 15V 


Logical ‘'1” Input Voltage 54C Voc = 4.5V 
74C Voc = 4.75V 


Logical ‘O” Input Voltage 54C Voc = 4.6V 
74C Voc = 4.75V 


Logical ‘1 Output Voltage 54C Voc = 4.5V, lo = —100 pA 
74C Voc = 4.75V, lo = —100 pA 


Logical “0” Output Voltage 54C Voc = 4.5V, lo = 360 pA 
74C Voc = 4.75V, lo = 360 pA 


Vcc = 5V, Vino) = OV 
Ta = 25°C, Vout = OV 
ae = 10V, Vin(o) = 
= 25°C, VouT = ‘a 
m = 5V, VIN(1) = 5V 
Ta = 25°C, Vout = Voc 
Voc = 10V, Vinca) = 10V 
Ta = 25°C, Vout = Vec 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 
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MM54C 192/MM74C192/MM54C 193/MM74C193 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


Symbol a Units 
toa Propagation Delay Time to Q Vcc = 5V 
from Count Up or Down Voc = 10V a es 
tod Propagation Delay Time to Q Voc = 5V ie 
Borrow from Count Down Vcc = 10V 
tod Propagation Delay Time to Voc = 5V ies 
Carry from Count Up Voc = 10V on 
ts Time Prior to Load that Data Voc = 5V pe 
Must be Present Voc = 10V 
tw Minimum Clear Pulse Width Vcc = 480 
Vcc = 5c pe 190 
tw Minimum Load Pulse Width Voc = 5V an 
Voc = 10V 
todo: tpat Propagation Delay Time to Q Vec = 5V 
from Load Voc = 10V > 
tw Minimum Count Pulse Width Voc = 5V 
Voc = 10V 
Maximum Count Frequency Voc = 5V 
Voc = 10V 


4 
2 


8 


; 
80 
00 
0 
15 
5 


Count Rise and Fall Time Vcc = 5V 
Voc = 10V 


Cin | Input | InputCapacitance 


Cpp Power Dissipation Capacitance (Note 3) lee 
*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics, Application Note 
AN-90. 


Cascading Packages 
Guaranteed Noise Margin 
as a Function of Vcc 
CATA INPUTS DATA INPUTS 


TO NEXT 
STAGE 


LOGIC LEVELS 


BORROW (FD 
CLEAR Q, Qg OQ. OQ 


OUTPUTS 


TL/F/5901-3 
TL/F/5901-2 
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Timing Diagrams 


MM54C192/MM74C192 





SEQUENCE 


— COUNT UP COUNT DOWN 
ILLUSTRATED CLEAR PRESET 


Note 1: Clear ouptuts to zero. 

Note 2: Load (preset) to binary thirteen. 

Note 3: Count up to fourteen, fifteen, carry, zero, one and two. 

Note 4: Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 


MM54C193/MM74C 193 


OUTPUTS 


CARRY 





soRROW 


7 
ILLUSTRATED ag AERIS COUNT UP COUNT OOWN 


CLEAR = PRESET 


Note 1: Clear ouptuts to zero. 

Note 2: Load (preset) to BCD seven. 

Note 3: Count up to eight, nine, carry, zero, one, and two. 

Note 4: Count down to one, zero, borrow, nine, eight, and seven. 


Note A: Clear overrides load, data, and count inputs. 
Note B: When counting up, count down input must be high; when counting down, count-up input must be high. 
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TL/F/5901~—4 


TL/F/5901-5 
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MM54C 192/MM74C 192/MM54C193/MM74C 193 


Schematic Diagrams 


MM54C192 Synchronous 4-Bit Up/Down Decade Counter 


MM54C 193 Synchronous 4-Bit Up/Down Binary Counter 
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CARRY OUT 


TL/F/5901-6 


TL/F/5901-7 





National 
Semiconductor 


MM54C195/MM74C195 4-Bit Registers 


General Description 


The MM54C195/MM74C195 CMOS 4-bit registers feature 
parallel! inputs, parallel outputs, J-K serial inputs, shift/load 
control input and a direct overriding clear. The following two 
modes of operation are possible: 


Parallel Load 
Shift in direction Qa towards Qp 


Parallel loading is accomplished by applying the four bits of 
data and taking the shift/load control of input low. The data 
is loaded into the associated flip-flops and appears at the 
outputs after the positive transition of the clock input. During 
parallel loading, serial data flow is inhibited. 


Serial shifting is accomplished synchronously when the 
shift/load control input is high. Serial data for this mode is 
entered at the J-K inputs. These inputs allow the first stage 
to perform as a J-K, D, or T-type flip flop as shown in the 
truth table. 


Schematic and Connection Diagrams 


8 
SHIFT/LOAD otf >o—l So 


Pin 8 to GND 
Pin 16 to Voc 


Features 
m Medium speed operation 8.5 MHz (typ.) with 10V 
supply and 50 pF load 
0.45 Voc (typ.) 
100 nW (typ.) 
Drive 2 LPTTL loads 
3V to 15V 


@ High noise immunity 

m Low power 

g@ Tenth power TTL compatible 
a Supply voltage range 

w Synchronous parallel load 

m Parallel inputs and outputs from each flip-flop 

g Direct overriding clear 

m J and K inputs to first stage 

= Complementary outputs from last stage 

& Positive-edge triggered clocking 

a Diode clamped inputs to protect against static charge 


Applications 
g Automotive 

m Data terminals 

= Instrumentation 

m Medical electronics 


m@ Alarm systems 

m Remote metering 

m Industrial electronics 
= Computers 


TL/F/5902~1 


Dual-in-Line Package 


OUTPUTS 


CLEAR i 


———— 
SERIAL INPUTS 


SHIFT/ 
CLOCK LOAD 


PARALLEL INPUTS 


TL/F/5902-2 


Top View 
Order Number MM54C195* or MM74C195* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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MM54C195/MM74C 195 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage at any Pin —0.3V to Vcc +0.3V 
Operating Temperature Range 
MM54C195 
MM74C195 


— 55°C to + 125°C 
— 40°C to + 85°C 


Storage Temperature Range —65°C to + 150°C 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 
Operating Vcc Range 
Absolute Maximum Voc 
Lead Temperature (Soldering, 10 sec.) 


700 mW 
500 mW 


3V to 15V 
18V 
260°C 


DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 


symbol_| Parameter | Gonditions | min | typ | Max | Units 


CMOS TO CMOS 


Logical ‘‘1” Input Voltage Voc = 5V 3.5 
oes . Voc = 10V 8.0 
1.5 | 
2.0 
4.5 - 
9.0 
0.5 
1.0 


Logical “0” Input Voltage Voc = 5V 
Voc = 10V 
Voc = 5V 
Voc = 10V 
Voc = 5V 
Voc = 10V 


Logical “1” Input Current Voc = 15V 
Logical ‘‘O” Input Current Voc = 15V 


Supply Current Voc = 15V 


VouT(1) Logical “1” Output Voltage 


VourT(0) Logical “oO” Output Voltage 


Logical 0” Input Voltage 


54C Voc = 4.5V 


74C Voc = 4.75V 


Logical “1” Output Voltage 


54C Voc = 4.5V, lo = —360nA 


74C Voc = 4.75V, lo = —360nA 


Logical “0” Output Voltage 


54C Voc = 4.5V, lo = 360nA 


74C Voc = 4.75V, Ilo = 360pA 


IsOURCE Output Source Current 


Output Source Current 


Output Sink Current 


ISOURCE 


Output Sink Current 


Voc = 5V, Vin) = OV 
Ta = 26°C, Vout = OV 


Voc = 10V, Vinioy = OV 
Ta = 25°C, Vout = OV 


Voc = 5V, Vin(1) = 5V 
Ta = 28°C, Vout = Vcc 


Voc = 10V, Ving) = 10V 


Ta = 25°C, Vout = Voc 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


Operation. 
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AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise aeigd: 


symbol | Parameter | Conditions, |_Min_| typ | Max | Units 
Propagation Delay Time to a Logical “0” or Voc = 5V 150 300 ns 
Logical ‘1” from Clock to Q or Q Voc = 10V 75 130 
Propagation Delay Time to a Logical ‘‘O” or Voc = 5V 300 
Logical “1” from Clear to Q or Q Voc = 10V 130 
Time Prior to Clock Pulse that Data Voc = 5V 80 200 
must be Present Voc = 10V 35 70 
Time Prior to Clock Pulse that Shift/Load Voc = 5V 
must be Present Voc = 10V 
Time After Clock Pulse that Data Voc = 5V —10 
must be Held Voc = 10V —5.0 
Minimum Clear Pulse Width (two = twu) Voc = 5V 200 
Voc = 10V 100 
Minimum Clear Pulse Width Voc = 5V 90 130 
Voc = 10V 40 60 
tr, ts Maximum Clock Rise and Fall Time Voc = 5V 5.0 
Voc = 10V 2.0 
fMax Maximum Input Clock Frequency Voc = 5V 3.0 
Voc = 10V 8.5 MHz 
[ma Ta aS) 


CIN Input Capacitance (Note 2) . pF 
Cpp Power Dissipation Capacitance (Note 3) a a pF 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 


Truth Table 


Guaranteed Noise Margin 
Inputs AT ty Outputs AT th+1 as a Function of Vcc 


Qen 


Qen 
Qcn 
Qcn 





Note: H = High Level, L = Low Level 


LOGIC LEVELS 


th = bit time before clock pulse 
tn+1 = bit time after clock pulse 
Qan = State of Qa at ty 


TL/F/5902-3 
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MM54C195/MM74C 195 


Switching Time Waveforms 
CMOS to CMOS 


, 


tH4 


t, = ty = 20ns 


TL/F/5902-4 
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TTL to CMOS 


TL/F/5902-5 





National 
Semiconductor 


MM54C200/MM74C200 256-Bit TRI-STATE® 
Random Access Read/Write Memory 


General Description 


The MM54C200/MM74C200 is a 256-bit random access 
read/write memory. Inputs consist of eight address lines 
and three chip enables. The eight binary address inputs are 
decoded internally to select each of the 256 locations. The 
internal address register, latches, and address information 
are on the positive to negative edge of CE3. The TRI- 
STATE data output line, working in conjunction with CE, or 
CEp inputs, provides for easy memory expansion. 

Address Operation: Address inputs must be stable tsa pri- 
or to the positive to negative transition of CE3. It is therefore 
unnecessary to hold address information stable for more 
than tya after the memory is enabled (positive to negative 
transition). 

Note: The timing is different from the DM74200 in that a positive to negative 

transition of the CE3 must occur for the memory to be selected. 

Read Operation: The data is read out by selecting the 
proper address and bringing CE3 low and WE high. 


Logic and Connection Diagrams 


ADORESS 
INPUT O 


TAUSTATE 


== ao 
WRITE 


Do 5 i, 
| > 


Y-DECODEA 


AODRESS 
INPUT E 


ADORESS 
INPUT F 


ADDRESS 
INPUTH 


ADDRESS 
INPUT C 


Holding either CE;, CEs, or CE at a high level forces the 
output into TRISTATE. When used in bus-organized sys- 
tems, CE;, or CEs, a TRI-STATE contro! provides for fast 
access times by not totally disabling the chip. 

Write Operation: Data is written into the memory with CE3 
low and WE low. The state of CE; or CE has no effect on 
the write cycle. The output assumes TRI-STATE with WE 
low. 


Features 

m Wide supply voltage range 
m Guaranteed noise margin 
@ High noise immunity 

a TTL compatibility 


3V to 15V 

-1V 

0.45 Vcc (typ.) 

Fan out of 1 

driving standard TTL 
Low power 500 nW (typ.) 


Internal address register 


ADORESS 
INPUT A 


ADDRESS 
INPUT B 


Dual-In-Line Package 
X-DECODER 


INPUT C 
14 ADDRESS 


256-BIT 
MEMORY ARRAY 
INPUT E 


TL/F/5903-2 
Top View 


Order Number MM54C200* or 
MM74C200* 


*Please look into Section 8, Appendix D 


for availability of various package types. 
TL/F/5903-1 Y P 9° yp 





6-111 


00ZDPZININ/00ZOPSWN 





MM54C221/MM74C221 


National 
Semiconductor 


MM54C221/MM74C221 Dual Monostable Multivibrator 


General Description 


The MM54C221/MM74C221 dual monostable multivibrator 
is a monolithic complementary MOS integrated circuit. Each 
multivibrator features a negative-transition-triggered input 
and a positive-transition-triggered input, either of which can 
be used as an inhibit input, and a clear input. 

Once fired, the output pulses are independent of further 
transitions of the A and B inputs and are a function of the 
external timing components Ceyt and Rext. The pulse 
width is stable over a wide range of temperature and Vcc. 


Connection Diagrams 


Timing Component 


Voc 


+ 


ns “> Cext 


TO Cexr 
TERMINAL 


TO ACexr 
TERMINAL 
TL/F/5904-1 


Truth Table 


Pulse stability will be limited by the accuracy of external 
timing components. The pulse width is approximately de- 
fined by the relationship twiout) ~ Cext Rext. For further 
information and applications, see AN-138. 


Features 

Wide supply voltage range 
m Guaranteed noise margin 

@ High noise immunity 

g@ Low power TTL compatibility 


4.5V to 15V 
1.0V 


0.45 Voc (typ.) 


fan out of 2 
driving 74L 


Dual-In-Line Package 
Veo 1RMCexr 1Cexr 10 20 2cLR 


10 20 2Cext 2R/Cexy GND 


TL/F/5904-2 
Top View 


Order Number MM54C221* or MM74C221* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


= High level 

= Low level 

= Transition from low to high 
= Transition from high to low 
One high level pulse 

One low level pulse 

= Irrelevant 
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Absolute Maximum Ratings (note 1) 

if Military/Aerospace specified devices are required, Power Dissipation 

contact the National Semiconductor Sales Office/ Dual-In-Line 700 mW 

Distributors for availability and specifications. Smatt Outline 500 mW 

Voltage at Any Pin —0.3V to Voc + 0.3V Operating Vcc Range 4.5V to 15V 

Operating Temperature Range Absolute Maximum Vcc 18V 
hes Set AES Rex = 80 Yoo (f 


Lead Temperature (Soldering, 10 seconds) 260°C 
Storage Temperature Range ~—65°C to + 150°C 


LeZOPZININ/-L2cOPSWN 


DC Electrical Characteristics max/min limits apply across temperature range, unless otherwise noted 


Symbol | __—Parameter_— | Conditions, | win | typ_| Max | unite 


CMOS to CMOS 
Logical “1” Input Voltage Voc = 5V 
Voc = 10V 
Logical ‘O” Input Voltage Voc = 5V 
Voc = 10V 
VouT(1) Logical ‘‘1” Output Voltage Voc = 5V, lo = —10 pA 
Voc = 10V, lo = —10 pA 
VouT(o) Logical ‘‘0” Output Voltage Voc = 5V, lo = +10 pA 
Voc = 10V, lo = +10 pA 


ai viantea “1” Input Current Vec = 15V, Vin = 15V He, te oe wcl 


| Logical “0” input Current “0” Input Current Voc = 15V, Vin = OV 


Supply Current (Standby) Voc = 15V, Rext = ©, 
Q1, Q2 = Logic “0” (Note 3) 


Supply Current Voc = 15V, Q1 = Logic “1”, 


(During Output Pulse) Q2 = Logic “0” (Figure 4) 


Voc = 5V, Q1 = Logic “1”, 
Q2 = Logic “0” (Figure 4) 


CMOS/LPTTL Interface 


Logical ‘‘1” Input Voltage 54C Vcc = 4.5V 
74C Voc = 4.75V 


Logical “0” input Voltage 54C Vcc = 4.5V 
74C Voc = 4.75V 


VouT(1) Logical ‘‘1” Output Voltage 54C Voc = 4.5V, lo = —360 pA 2.4 
74C Voc = 4.75V, lo = —360 pA 2.4 

VouT(o) Logical ‘‘0” Output Voltage 54C Voc = 4.5V, lo = 360 pA 0.4 
740 Voc = 4.75V, Ilo = 360 pA 0.4 


Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 


IsouRCE | Output Source Current Voc = 5V 
(P-Channel) Ta = 28°C, Vout = OV 
IsouRCE | Output Source Current Vcc = 10V 
(P-Channel) Ta = 25°C, Vout = OV 


Output Sink Current Voc = 5V 

(N-Channel) Ta = 25°C, Vout = Vcc 
Output Sink Current Voc = 10V 

(N-Channel) Ta = 25°C, Vout = Vcc 
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MM54C221/MM74C221 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


symbol | ___—Parameter_—|_——Coonditions_—|_ Min. | Typ | Max | Units 
tod A, B Propagation Delay from Trigger Vcc = 5V 

Input (A, B) to Output Q, Q Vec = 10V 
tpd CL Propagation Delay from Clear Voc = 5V 

Input (CL) to Output Q, Q Voc = 10V 


ts Time Prior to Trigger Input (A, B) Vcc = 5V 
that Clear must be Set Voc = 10V 


tw(A, B) Trigger Input (A, B) Pulse Width 
Voc = 10V 

iwies Clear Input (CL) Pulse Width 
Vcc = 10V 


tw(ouT) Q or Q Output Pulse Width Me = 5V, Rext = 10k, 
EXT = 0 pF 
Voc = 10V, Rext = 10k, 
Cext = 0 pF 
Voc = 15V, Rext = 10k, 
Cext = 0 pF 


Voc = 5V, Rext = 10k, 
Cext = 1000 pF (Figure 1) 
Voc = 10V, Rext = 10k, 
Cext = 1000 pF (Figure 7) 


Voc = 15V, Rext = 10k, 
Cext = 1000 pF (Figure 7) 


Voc = 5V, Rext = 10k, 

Cext = 0.1 pF (Figure 2) ape ie 
Voc = 10V, Rext = 10k, 

Cext = 0.1 pF (Figure 2) eke pie 


Voc = 15V, Rext = 10k, 
Cext = 0.1 pF (Figure 2) 


ON Resistance of Transistor Voc = 5V (Note 4) 
between R/C_xt to Cext Voc =.10V (Note 4) 
Voc = 15V (Note 4) 


Output Duty Cycle R = 10k, C = 1000 pF 
R = 10k, C = 0.1 pF 
(Note 5) 


Cin Input Capacitance R/Cext Input (Note 2) 
Any Other Input (Note 2) 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 





Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: In Standby (Q = Logic “‘0”) the power dissipated equals the leakage current plus Vcc/Rext. 
Note 4: See AN-138 for detailed explanation Ron. 

Note 5: Maximum output duty cycle = Rex7/Rext + 1000. 
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Typical Performance Characteristics 


0% Point pulse width: 
AtVoc = 5V, Tw = 10.6 ps 
..AtVoco = 10V, Tw = 10 ps 
At Vcc = 15V, Tw = 9.8 ps 
Percentage of units within +4%: 
At Vcc = 5V, 90% of units 
At Voc = 10V, 95% of units 
At Voc = 15V, 98% of units 


RELATIVE FREQUENCE OF OCCURENCE 


QUTPUT PULSE WIDTH (Tw, %) 
TL/F/5904-3 


FIGURE 1. Typical Distribution of Units for Output Pulse Width 


0% Point pulse width: 

AtVoc = 5V, Tw= 1020yps . 
At Voc = 10V, Tw = 1000 ps 
At Voc = 15V, Tw = 982 ps 
Percentage of units within + 4%: 
AtVcc = 5V, 95% of units 

At Voc = 10V, 97% of units 

At Voc = 15V, 98% of units 


¥; 
ret tt 
SEGnD’ ARG -SREe 


RELATIVE FREQUENCE OF OCCURENCE 


OUTPUT PULSE WIDTH (Ty, %) 
TL/F/5904-4 
FIGURE 2. Typical Distribution of Units for Output Pulse Width 


NOTE: POWER SHOWN IS MEASURED 
WITH BOTH ONE- SHOTS | SWITCHING 


See Rein 
LT [vec sty | | 


TO 25°C VALUE AT Vcc = 10V (%) 
PER PACKAGE (mW) 


TYPICAL twiour) ERROR WITH RESPECT 
Pp — TYPICAL POWER DISSIPATION 





Ta — AMBIENT TEMPERATURE (°C) 


OUTPUT OUTY CYCLE (%) 
TL/F/5904-5 TL/F/5904-6 
FIGURE 3. Typical Variation in FIGURE 4. Typical Power Dissipation 
Output Pulse Width vs Temperature per Package 
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MM54C221/MM74C221 


Switching Time Waveforms 


ty —o| t, 


Vec 
90% 90% 
A INPUT 50% 50% 
10% 10% 


_ twa t | 
90% 
B INPUT 50% 
10% | 


-———— twiout) ——— 


tp = tp = 20 ns 
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National 
Semiconductor 


MM54C240/MM74C240 Inverting 


MM54C244/MM74C244 Non-Inverting 
Octal Buffers and Line Drivers with TRI-STATE® Outputs 


General Description Features 

These octal buffers and line drivers are monolithic comple- | ™ Wide supply voltage range (3V to 15V) 
mentary MOS (CMOS) integrated circuits with TRISTATE  @ High noise immunity (0.45 Vcc typ) 
outputs. These outputs have been specially designed to m Low power consumption 

drive highly capacitive loads such as bus-oriented systems. High capacitive load drive capability 
These devices have a fan out of 6 low power Schottky 9 TAl)sTATE outputs 


loads. A high logic level on the output disable control input 
G makes the outputs go into the high impedance state. For 
improved TTL input compatibility see MM74C941. 


Logic and Connection Diagrams 


MM54C240/MM74C240 


CONTROLS ONE OF 
EIGHT DEVICES 


CONTROLS FOUR OF 
EIGHT DEVICES 


TL/F/5905-1 


MM54C244/MM74C244 


CONTROLS ONE OF 
EIGHT DEVICES 


CONTROLS FOUA OF 
EIGHT DEVICES 
— oem ome 


TL/F/5905-3 
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@ Input protection 

m@ TTL compatibility 

B® 20-pin dual-in-line package 

m@ High speed 25 ns (typ.) @ 10V, 50 pF (MM74C244) 


MM54C240/MM74C240 Dual-In-Line Package 


Voce 008 184 = OAZ 183 OA3  1B2 OAS 1B1 


TL/F/5905-2 
Top View 


Order Number MM54C240* or MM74C240* 


MM54C244/MM74C244 Dual-In-Line Package 


Vcc ODB Al $B4 1B3 OAS 182 OAM 181 


TL/F/5905-4 
Top View 


Order Number MM54C244* or MM74C244"*, 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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MM54C240/MM74C240/MM54C244/MM74C244 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700 mW 


Voltage at Any Pin —0.3V to Voc + 0.3V Small Outline 500 mW 


Operating Temperature Range Operating Vcc Range 3V to 15V 
MM54C240, MM54C244 — 55°C to + 125°C Absolute Maximum Voc 18V 


Mirae MM74C244 40°C to +85°C Lead Temperature (Soldering, 10 seconds) 260°C 


DC Electrical Characteristics min/max imits apply across temperature range, unless otherwise noted 


symbol | Parameter | __—Conditions | in__ | typ | Max | Units 


CMOS TO CMOS 


Logical “1” Input Voltage Voc = 5V 3 
Voc = 10V 
Logical “0” Input Voltage Vcc = 5V 1.5 
‘Voc = 10V 2.0 
VouT(1) Logical ‘1’ Output Voltage Voc = 5V, lo = —10 pA 4.5 
Voc = 10V, lo = —10 pA 9.0 
Voutio) Logical “0” Output Voltage | Voc = 5V,lo = 10 pA | : 
Voc = 10V,lo = 10 pA. 


| TRISTATE Output Curent | Voo=10V.0D=Viw | 
Voc'> 15V 


CMOS/LPTTL INTERFACE 


Logical “1” Input Voltage 54C, Vcc = 4.5V : 
746, Voc = 4.75V 


Logical ‘0” Input Voltage 54C, Voc = 4.5V 
74C, Voc = 4.75V 


VouT(1) Logical ‘'1”” Output Voltage 54C, Voc = 4.5V, lo = —450 pA 
74C, Voc = 4.75V, lo = —450 pA 
54C, Voc = 4.5V, lo = —2.2 mA 
74C, Voc = 4.75V, lo = —2.2mA 


54C, Voc = 4.5V, lo = 2.2 mA 
74C, Voc = 4.756V, lo = 2.2 mA 


ISOURCE Output Source Current Voc = 5V, Vout = OV 
(P-Channel) Ta = 25°C 
Voc = 10V, Vout = OV 
Ta = 25°C 
Output Sink Current Voc = 5V, Vout = Vcc 
(N-Channel) Ta = 25°C 
Voc = 10V, Vout = Veo 
Ta = 25°C 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Range” they are not 
meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 
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AC Electrical Characteristics* Ta = 25°C, C, = 50 pF, unless otherwise specified 


Symbol 


tpp(1), tpp(o) 


try, ton 


tH1, tHo 


tTHL), tT(LH) 


Propagation Delay 
(Data In to Out) 
MM54C240/MM74C240 


MM54C244/MM74C244 


Propagation Delay Output 
Disable to High Impedance 
State (from a Logic Level) 


Propagation Delay Output 
Disable to Logic Level 
(from High Impedance State) 


Transition Time 


Parameter | Conditions 


Voc = 5V, CL = 50 pF 
Voc = 10V, C_ = 50 pF 
Voc = 5V, C, = 150 pF 
Vec = 10V, C, = 150 pF 


Vcc = 5V, CL = 50 pF 
Voc = 10V, CL = 50 pF 
Voc = 5V, CL = 150 pF 
Vec = 10V, C, = 150 pF 
Ri = 1k, CL = 50 pF 
Vcc = 5V 

Voc = 10V 

Ry = 1k, C, = 50 pF 
Voc = 5V 

Vcc = 10V 

Voc = 5V, C_ = 50 pF 


PYCOPZINW/PPeOPSWIN/0PZOPZWIN/OPCOPSWIN 


Typ 


— 
21 N © 
oO oo 


hh 
ol 


jee) 
oO 


Voc = 10V, CL = 50 pF 
Voc = 5V, CL = 150 pF 
Voc = 10V, CL = 150 pF 


Power Dissipation (Note 3) 

Capacitance 

(Output Enabled per Buffer) 
MM54C240/MM74C240 
MM54C244/MM74C244 


(Output Disabled per Buffer) 
MM54C240/MM74C240 
MM54C244/MM74C244 


Input Capacitance Vin = OV, f = 1 MHz, Ta = 25°C 
(Any Input) 

Output Capacitance Vin = OV, f = 1 MHz, Ta = 25°C 
(Output Disabled) 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Range” they are not 
meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 


an 
ou 


&s — 
oo 
sles faa 
ake ek 
oO 
oft 
| | fess 


Typical Application 


CONTROL OR MICROPROGRAM ROM/PROM 
OR 
MEMORY ADDRESS REGISTER 


[mn =i 
MM74C244 57 Aaa 
OUTPUT OUTPUT 


DISABLE DISABLE 





aa AND/OR MEMORY i Ee 


TL/F/5905-5 
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MM54C240/MM74C240/MM54C244/MM74C244 


Truth Tables 


= High 
= Low 
= Don’t Care 
= TRI-STATE 


MM54C240/MM74C240 


MM54C244/MM74C244 


Typical Performance Characteristics 


< 
E 

£ 
x 
= 
a 


tpp — PROPAGATION DELAY (ns) 


N-Channel Output Drive 


at 25°C 
920 


Prana 

ALLEL Laces | 
PALLET 
eee || 

WALL 
Piveenev| || {tI IT 

Vout (V) 

MM54C240/MM74C240 


Propagation Delay vs. 
Load Capacitance 


C, — LOAD CAPACITANCE (pF) 


TL/F/5905-6 


TL/F/5905-8 
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SOURCE CURRENT (mA) 


tpp — PROPAGATION DELAY {ns} 


at 25°C 
0 


P-Channel Output Drive 


p7, 
' 


eee) 

azena co 
Pitt TTT TT TT Ty 
SRRRRERREED 4400 
Sa dal bape 


| 
prea tH 
ae Lt 


6 
Vee - Vour (V) 


MM54C244/MM74C244 
Propagation Delay vs. 
Load Capacitance 


Cy — LOAD CAPACITANCE (pF) 


TL/F/5905-7 


TL/F/5905~9 





AC Test Circuits and Switching Time Waveforms 
todo tpat CMOS to CMOS 


Vout 


Cy = 50 pF 


an 


TL/F/5905-10 


TL/F/5905-11 


ty and ty 
Vec 
DISABLE . OISABLE 


INPUT OUTPUT 


ea 


= — OUTPUT 
0.5 Voy 


TL/F/5905-12 


OISASLE 


Ry = th Cy = 50 pF 


TL/F/5905-13 


Note: Voy is defined as the DC output high voltage when the device is loaded with 
a 1k2 resistor to ground. 


ton and tyo ton tho 


Veg ————— Vec 
Voc DISABLE DISABLE 0.5 Vcc 
Ry = tk t 
HO 
a 


INPUT OUTPUT Vee Vec 


§ (Vee - Voi) 
DISABLE re os = 50pF ouTPUT OUTPUT 
= Vou Yow 


TL/F/5905-14 0.1 (Vee - Vou) 


TL/F/5905~15 


Note: Vo, is defined as the DC output low voltage when the device is loaded with a 
1 kQ resistor to Voc. 
Note: Delays measured with input t,, ts < 20 ns. 
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bPCOPLWIN/PPCOPSININ/OPZOPZININ/OPZOPSINN 





MM54C373/MM74C373/MM54C374/MM74C374 





National 
Semiconductor 


MM54C373/MM74C373 TRI-STATE® Octal D-Type Latch 
MM54C374/MM74C374 TRI-STATE Octal D-Type Flip-Flop 


General Description 

The MM54C373/MM74C373, MM54C374/MM74C374 are 
integrated, complementary MOS (CMOS), 8-bit storage ele- 
ments with TRI-STATE outputs. These outputs have been 
specially designed to drive high capacitive loads, such as 
one might find when driving a bus, and to have a fan out of 1 
when driving standard TTL. When a high logic level is ap- 
plied to the OUTPUT DISABLE input, all outputs go to a high 
impedance state, regardless of what signals are present at 
the other inputs and the state of the storage elements. 
The MM54C373/MM74C373 is an 8-bit latch: When LATCH 
ENABLE is high, the Q outputs will follow the D inputs. 
When LATCH ENABLE goes low, data at the D inputs, 
which meets the set-up and hold time requirements, will be 
retained at the outputs until LATCH ENABLE returns high 
again. 

The MM54C374/MM74C374 is an 8-bit, D-type, positive- 
edge triggered flip-flop. Data at the D inputs, meeting the 
set-up and hold time requirements, is transferred to the Q 
outputs on positive-going transitions of the CLOCK input. 


Connection Diagrams 


MM54C373/MM74C373 
Dual-In-Line Package 


OUTPUT 
OISABLE 


a1 
o1 
02— 
a2 
a3 
03 
o4 
a4 


Guo 


TL/F/5906—1 


Top View 
Order Number MM54C373* or MM74C373* 


Both the MM54C373/MM74C373 and the MM54C374/ 
MM74C374 are being assembled in 20-pin dual-in-line pack- 
ages with 0.300” pin centers. 


Features 

mw Wide supply voltage range 
@ High noise immunity 

m@ Low power consumption 
@ TTL compatibility 


3V to 15V 
0.45 Voc (typ.) 


Fan out of 1 
driving standard TTL 
w Bus driving capability 
m@ TRI-STATE outputs 
w Eight storage elements in one package 
gm Single CLOCK/LATCH ENABLE and OUTPUT 

DISABLE control inputs 
@ 20-pin dual-in-line package with 0.300” centers takes 
half the board space of a 24-pin package 


MM54C374/MM74C374 
Dual-In-Line Package 


QUTPUT 
DISABLE 


at 
o1 
02 
a2 
O3 
03 
ba 


a4 


GND 


ae 


TL/F/5906-2 
Top View 


Order Number MM54C374* or MM74C374* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage at Any Pin —0.3V to Vcc + 0.3V 
Operating Temperature Range (Ta) 
MM54C373 
MM74C373 


Storage Temperature Range (Ts) 


Power Dissipation 
Dual-In-Line 
Small Outline 
Operating Vcc Range 
Absolute Maximum Vcc - 


Lead Temperature (T,) 
(Soldering, 10 seconds) 


700 mW 
500 mW 


3V to 15V 


18V 
—55°C to + 125°C 
—40°C to + 85°C 


—65°C to + 150°C 


260°C 


DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 


symbol | ___Parameter_—— | Conaitions, | Min_ | typ_| Max | units 


CMOS TO CMOS 


Logical ‘‘1” Input Voltage 


Vcc = 5V 
Vcc = 10V 


Logical “0” Input Voltage Voc = 5V 1.5 
Voc = 10V 2.0 


VouT(1) Logical ‘1"’ Output Voltage 


Logical ‘‘O”’ Output Voltage 


VouT(0) 


Voc = 5V, lo = —10 pA 
Voc = 10V, lo = —-10 pA 


4.5 

9.0 
Voc = SV, lop = 10 pA © 0.5 
Voc = 10V, lo = 10 pA 1.0 


PLEDPLIN/PLEOPSINW/EZEOPZLWIN/EZEOPSWIN 


Logical "1" Input Current Voc = 15V, Vin = 15V = 4 
Logical ‘0’ Input Current Voc = 15V, Vin = OV Ss 10% | 


TRI-STATE Leakage Current 


Supply Current 


Voc = 15V, Vo = 15V 
Voc = 15V, Vo = OV 


Voc = 15V 


CMOS/LPTTL INTERFACE 
Logical ‘‘1” Input Voltage 54C = Vcc = 4.5V . Voc — 1.5 
74C = Veco = 4.75V Voc — 1.5 
Logical ‘‘0” Input Voltage 54C° = Veco = 4.5V 0.8 
54C. Veg = 4.75V 0.8 
Voc — 0.4 


Voc = 4.5V, lo = —360 pA 

Voc = 4.75V, lo = —360 nA |} Voc — 0.4 
Voc = 4.5V, lo = —1.6mA 2.4 
Voc = 4.76V, lo = —1.6mA 2.4 


Voc = 4.5V, lo = 1.6mA 
Voc = 4.75V, lo = 1.6mA 


Logical ‘‘1”’ Output Voltage 


Logical “0” Output Voltage 


OUTPUT DRIVE (Short Circuit Current) 


Output Source Current 

Output Source Current 

Output Sink Current 

(N-Channel) 

Output Sink Current Voc = 10V, Vout = Vcc 
(N-Channel) Ta = 25°C (Note 4) 


Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


VouT(1) 


VouT(o) 


Voc = 5V, Vout = OV . 
Ta = 25°C (Note 4) 

Voc = 10V, Vout = OV 

Ta = 25°C (Note 4) 


ISOURCE 


ISOURCE 


Voc = 5V, Vout = Vcc 
Ta = 25°C (Note 4) 





6-123 


MM54C373/MM74C373/MM54C374/MM74C374 


AC Electrical Characteristics* 
MM54C373/MM74C373, Ta = 25°C, C, = 50 pF, ze = ty = 20 ns, unless otherwise noted. 


-—__Perameter_| _condione__| win} typ} wax | Units 


Propagation Delay, 
LATCH ENABLE to Output 


Symbol 


todo: tpat 


Propagation Delay Data 
In to Output 


todo: toa1 


Minimum Set-Up Time Data In 
to CLOCK/LATCH ENABLE 


tseT-up 


Maximum LATCH ENABLE 
Frequency 


Minimum LATCH ENABLE 
Pulse Width 
tr, t Maximum LATCH ENABLE 
Rise and Fall Time 


ty, ton Propagation Delay OUTPUT 
DISABLE to High Impedance 
State (from a Logic Level) 


Propagation Delay OUTPUT 
DISABLE to Logic Level 


fMAX 


tpwH 


thi, tHo 


(from High Impedance State) 


true tTLH Transition Time 





Voc = 5V, CL = 50 pF 
Veco = 10V, Cy, = 50 pF 
Voc = 5V, CL = 150 pF 
Voc = 10V, C, = 150 pF 


LATCH ENABLE = Vcc | 
Veco = 5V, CL = 50 pF 
Voc = 10V, CL = 50 pF 
Voc = 5V, Cy = 150 pF 
Voc = 10V, CL = 150 pF 
tHoLp = Ons 

Voc = 5V 

Voc = 10V 


Voc 5V 
Voc = 10V 


-Vcoc = 5V 


Cc = 10V 


R_ = 10k, C, = 5 pF 
Voc = 5V 
Voc = 10V 


R, = 10k, C, = 50 PF 
Voc = 5V 
Voc = 10V 


Voc = 5V, CL = 50 pF 
Voc = 10V, CL = 50 pF 
Voc = 5V, OL = 150 pF 
Voc = 10V, CL = 150 pF 


Input Capacitance LE Input (Note 2) aes ia 


Input Capacitance OUTPUT DISABLE 
Input (Note 2) 


CIN Input Capacitance Any Other Input (Note 2) 


Cout 


Output Capacitance High Impedance 
State (Note 2) 


Cpp Power Dissipation Capacitance Per Package (Note 3) . 


*AC Parameters are guaranteed by DC correlated testing. 
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AC Electrical Characteristics* 


(Continued) 


MM54C374/MM74C374, Ta = 25°C, C_ = 50 pF, t; = ts = 20 ns, unless otherwise noted 


|_arameter_ | _conditong_[_win_| typ} a Units 


Symbol 


todo» tpdt 


tSET-UP 


tpwH: tpwL 
fMAx 


tyH, ton 


tH1, tHo 


trot tTLH 


tr, ts 


CoLk 
Cop 


Cin 
Cout 


Propagation Delay, 
CLOCK to Output 


Minimum Set-Up Time Data In 
to CLOCK/LATCH ENABLE 


Minimum CLOCK Pulse Width 
Maximum CLOCK Frequency . 


Propagation Delay OUTPUT 
DISABLE to High Impedance 
State (from a Logic Level) 


Propagation Delay OUTPUT 
DISABLE to Logic Level 
(from High Impedance State) 


Transition Time 


Maximum CLOCK Rise 
and Fall Time 


Voc = 5V, CL = 50 pF 
Voc = 10V, C_ = 50 pF 
Voc = 5V, CL = 150 pF 
Voc = 10V, CL = 150 pF 


Voc = 5V 
Voc = 10V 


Vcc = 5V 
Vcc = 10V 


Ru = 10k, Cy = 50 pF 
Voc = 5V 
Voc = 10V 


Ri = 10k, C, = 50 pF 
Voc = 5V 
Voc = 10V 


Voc = 5V, C_ = 50 pF 

Voc = 10V, CL = 50 pF 

Voc = 5V, CL = 150 pF 

Voc = 10V, C_ = 150 pF 140 


Voc = 5V > 2000 
> 2000 


Voc = 10V 


Input Capacitance CLOCK Input (Note 2) aa 


Input Capacitance OUTPUT DISABLE 
Input (Note 2) 


Input Capacitance Any Other Input (Note 2) 


Output Capacitance High Impedance 
State (Note 2) 


PLEOPZININ/PLEOPSINW/EZEDPZWW/EZEOPSWIN 


Cpp Power Dissipation Capacitance Per Package (Note 3) 


*AC Parameters are guaranteed by DC correlated testing. 
Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note 
AN-90. 


Note 4: These are peak output current capabilities. Continuous output current is rated at 12 mA max. 
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MM54C373/MM74C373/MM54C374/MM74C374 


Typical Performance Characteristics 1, = 25°c 


MM54C373/MM74C373 MM54C373/MM74C373 MM54C374/MM74C374 
Propagation Delay, LATCH Propagation Delay, Propagation Delay, 
ENABLE to Output vs Load Data In to Output CLOCK to Output 
Capacitance vs Load Capacitance vs Load Capacitance 


ace Ot SO 
COC 





tpp = PROPAGATION DELAY (ns) 
tpp~ PROPAGATION DELAY (ns) 
tpp- PROPAGATION DELAY (ns) 


om oe 
3 co 
Raia BEREEEEEHEH 


C,- LOAD CAPACITANCE (pF) C, = LOAD CAPACITANCE (pF) C, = LOAD CAPACITANCE (pF) 
TL/F/5906-3 
MM54C373/MM74C373, 
MM54C374/MM74C374 
Change in Propagation Delay per MM54C373/MM74C373, MM54C373/MM74C373, 
pF of Load Capacitance (Atpp/pF) MM54C374/MM74C374 MM54C374/MM74C374 Output 
vs Power Supply Voltage Output Sink Current vs Vout Source Current vs Vcc — Vout 


0.75 
SES Si PRR oe 
PPE HH 











SRE 
EEE Eee eee a0 
0 5 10 15 8 10 12 14 16 16 14 12 10 8 6 
Veg POWER SUPPLY VOLTAGE (¥) Your (V) Yee" Vour (V) 


At,g PER pf OF LOAD CAPACITANCE (ns/pF) 
OO 


TL/F/5906-4 


Truth Table 


MM54C373/MM74C373 MM54C374/MM74C374 


L = Low logic level 
= High logic level 
X = Irrelevant 
H _/ = Low to high logic level transition 
L Q = Preexisting output level 
X Hi-Z = High impedance output state 
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Typical Applications 
Data Bus Interfacing Element 


ft S27 


MM54C373/ MM54C373/ 
MM74C373 MM74C373 
OR OR 
MM54C374/ MM54C374/ 
MM74C374 MM74C374 


PERIPHERAL DEVICE 


TL/F/5906-5 


Logic Diagrams 


LATCH 
ENABLE 


OUTPUT 
DISABLE 


OUTPUT 
DISABLE 


Simple, Latching, Octal, LED Indicator 
Driver with Blanking for Use as Data Display, 
Bus Monitor, P Front Panel Display, Etc. 

Vec 


BLANKING . 
CONTROL 


CLOCKING/LATCHING 0 
CONTROL 
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TL/F/5906-6 


TL/F/5906-7 


TL/F/5906-8 





PLEOPZINW/PZEDPSWWW/EZEOPZNIN/EZEOPSINN 


TRI-STATE Test Circuits and Switching Time Waveforms 








tin, tH ti, CL = 5 pF ti CL = 50 pF 












Voc 


TL/F/5906-10 
TL/F/5906-9 






tox: tHo tHo, CL = 50 pF 





Vec Veo 
0 O Veco 





OUTPUT 
DISABLE 

















OUTPUT 
DISABLE 





MM54C373/MM74C373/MM54C374/MM74C374 


Q 
T* ouTPuT 10% oye 


- ‘ TL/F/5906-12 
TL/F/5906-11 


Switching Time Waveforms 


MM54C373/MM74C373 





OUTPUT 
Output Disable = GND 


TL/F/5906-13 


MM54C374/MM74C374 
ty 


ENABLE 
GND 





Vec 
Q 
OUTPUT 







GND Output Disable = GND 


TL/F/5906-14 
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National 
Semiconductor 


MM54C901/MM74C901 Hex Inverting TTL Buffer 
MM54C902/MM74C902 Hex Non-Inverting TTL Buffer 
MM54C903/MM74C903 Hex Inverting CMOS Buffer 


MM54C904/MM74C904 Hex Non-Inverting CMOS Buffer 


General Description 


These hex buffers employ complementary MOS to achieve 
wide supply operating range, low power consumption, and 
high noise immunity. These buffers provide direct interface 
from PMOS into CMOS or TTL and direct interface from 
CMOS to TTL or CMOS operating at a reduced Vcc supply. 


Connection Diagrams 


Dual-In-Line Package 
MM54C901/MM74C901 
MM54C903/MM74C903 


TL/F/5909-1 
Top View 
Order Number MM54C901*, 
MM74C901*, MM54C903* or MM74C903* 


Features 

m Wide supply voltage range 
m™ Guaranteed noise margin 
@ High noise immunity 

gw TTL compatibility 


3.0V to 15V 

1.0V 

0.45 Voc (typ.) 

Fan out of 2 

driving standard TTL 


Dual-In-Line Package 
MM54C902/MM74C902 
MM54C904/MM74C904 


GND 
TL/F/5909-2 
Top View 
Order Number MM54C902*, 
MM74C902*, MM54C904* or MM74C904* 


*Please look into Section 8, Appendix D for availability of various package types. 
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PO6OPZWIN/E060PZWW/2069PZININ/ LO6OPZININ/POGDPSININ/E060PSNIN/Z060PSININ/LO6OPSINW 


MM54C901/MM54C902/MM54C903/MM54C904/MM74C901/MM74C902/MM74C903/MM74C904 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, Operating Temperature Range (Ta) 
contact the National Semiconductor Sales Office/ MM54C901, MM54C902, 
Distributors for availability and specifications. MM54C903, MM54C904 —55°C to + 125°C 
Voltage at Any Pin —0.3V to Voc + 0.3V MM74C901, MM74C902, S. - 
Voltage at Any Input Pin MMZACEOS; MM74C904 —40°C to + 85°C 
MM54C901/MM74C901 —0.3V to + 15V Operating Vcc Range 3.0V to 15V 
MM54C902/MM74C902 —0.3V to + 15V Absolute Maximum Vcc 18V 
MM54C904/MM74C904 Veco — 17Vto Voc + 0.3V (Soldering, 10 seconds) 260°C 
Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 
Dual-In-Line 700 mW 
Small Outline 500 mW 


DC Electrical Characteristics min/max limits apply across temperature range unless otherwise noted 


Symbol | Parameter | Gonaitions | Min._| Typ | Max | Units 


CMOS TO CMOS 


Logical ‘1” Input Voltage Voc = 5.0V 
Voc = 10V 

Logical ‘‘O” Input Voltage Vcc = 5.0V 
Voc = 10V 


VouT(1) Logical ‘‘1’” Output Voltage Voc = 5.0V, lo = —10 pA 
Voc = 10V, lo = —10 pA 


VouT(o) | Logical 0” Output Voltage | Vcc = 5.0V 
Voc = 10V 


Logical ‘‘1” Input Current Voc = 15V, Vin = 15V 
Logical ‘0” Input Current Voc = 15V, Vin = OV ae 
Supply Current Voo = 18V a ee 


TTL TO CMOS 


Logical ‘‘1” Input Voltage 54C Voc = 4.5V 
74C Voc = 4.75V 


Logical ‘‘O” Input Voltage 54C Voc = 4.5V 
’ 74CG Voc = 4.75V 


CMOS TO TTL 


Logical ‘1’ Input Voltage 
MM54C901, MM54C903 Voc = 4.5V 
MM54C902, MM54C904 Voc = 4.5V 
MM74C901, MM74C903 Voc = 4.75V 
MM74C902, MM74C904 Voc = 4.75V 


Logical “0” Input Voltage 
MM54C901, MM54C903 Voc = 4.5V 
MM54C902, MM54C904 Voc = 4.5V 
MM74C801, MM74C903 Voc = 4.75V 
MM74C902, MM74C904 Voc = 4.75V 


VourT(1) Logical “1” Output Voltage 54C Voc = 4.5V, lo = —800 pA 
74C Voc = 4.75V, Io = —800 pA 


VouT(o) Logical ‘‘O” Output Voltage 
MM54C901, MM54C903 Voc = 4.5V, lo = 2.6mA 
MM54C902, MM54C904 Voc = 4.5V, lo = 3.2 mA 
MM74C901, MM74C903 Voc = 4.75V, lo = 2.6mA 
MM74C902, MM74C904 Voc = 4.75V, lo = 3.2 mA 
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DC Electrical Characteristics (continued) 


Min/Max limits apply across temperature range unless otherwise noted 


Symbol 


| Parameter | Conditions | win | typ | Max _| 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 
(MM54C901/MM74C901, MM54C903/MM74C903) 


ISOURCE 


Output Source Current — 
(P-Channel) 

Output Source Current 
(P-Channel) 

Output Sink Current 
(N-Channel) 

Output Sink Current 
(N-Channel) 


ISOURCE 


ae = 5.0V, Vout = OV 
= 25°C, Vin = OV 
i = 10V, Vout = OV 
Ta = 25°C, Vin = OV 
se = 5.0V, Vout = Vcc 
= 25°C, Vin = Vcc 


me = 5.0V, Vout = 0.4V 
Ta = 25°C, Vin = Voc 


(MM54C902/MM74C902, MM54C904/MM74C904) 


ISOURCE Output Source Current 
(P-Channel) 


Output Source Current 
(P-Channel) 


Output Sink Current 
(N-Channel) 


Output Sink Current 
(N-Channel) 


ISOURCE 


Voc = 5.0V, Vout = OV 
Ta = 28°C, Vin = Voc 
Voc = 10V, Vout = OV 
Ta = 25°C, Vin = Voc 
Voc = 5.0V, Vout = Voc 
Ta = 25°C, Vin = OV 
Voc = 5.0V, Vout = 0.4V 
Ta = 25°C, Vin = OV 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


Symbol 


| Parameter | Conditions | min | typ | Max 


MM54C901/MM74C901, MM54C903/MM74C903 


Propagation Delay Time 
to a Logical ‘1” 


Voc = 5.0V 
Voc = 10V 


Voc = 5.0V 


Propagation Delay Time 
to a Logical ‘‘O” Voc = 10V 


Input Capacitance Any Input (Note 2) L == =: 
Power Dissipation Capacity (Note 3) Per Buffer Hee. 3 


MM54C902/MM74C902, MM54C904/MM74C904 


Propagation Delay Time 
to a Logical ‘'1” Voc = 10V 
Voc = 5.0V 


Propagation Delay Time = 
to a Logical “0” Voc = 10V 


Input Capacitance Any Input (Note 2) Ke | 5.0 os. al 
Power Dissipation Capacity (Note 3) Per Buffer een | ae ee 


*AC Parameters are guaranteed by DC correlated testing. 


Voc = 5.0V 


Units 


Units 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 


operation. 
Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 


AN-90. 
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pO6OPZWIN/E060rZINW/Z060PZWIN/ LO6DPZWIN/POGOPSININ/E069PSINW/2060PSWW/LOGOPSWIN 


MM54C901/MM54C902/MM54C903/MM54C904/MM74C901/MM74C902/MM74C903/MM74C904 


Logic Diagrams 


MM54C901/MM74C901 
CMOS to TTL Inverting Buffer 


INPUT et ic on OUTPUT 
ot 4 


TL/F/5909-3 


MM54C902/MM74C902 
CMOS to TTL Buffer 


sien 


INPUT wef a c= OUTPUT 
BYS30V ; 


TL/F/5909-5 


Typical Applications 


MM54C903/MM74C903 
PMOS to TTL or CMOS Inverting Buffer 


Voc 


BYS30V 


INPUT co OUTPUT 


TL/F/5909-4 


MM54C904/MM74C904 
PMOS to TTL or CMOS Buffer 
Voc 


BVS30V 


INPUT coe OUTPUT 


TL/F/5909-6 


PMOS to CMOS or TTL Interface 


Note: Vcc + Vpop < 17V 
Voc < 15V 


MM54C903/MM74C903 or 


MM540904/MM74C904 
TL/F/5909-7 


CMOS to TTL or CMOS at a Lower Vcc 


Note: Vec1 = Vca MM54C901/MM74C901 or 


MM54C902/MM74C902 
TL/F/5909~8 
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AC Test Circuit and Switching Time Waveforms 


TL/F/5909-9 
Note: Delays measured with input t,, tp = 20 ns. 


Typical Performance Characteristics 


Typical Propagation Delay 
to a Logical “0” for the 
MM54C901/MM74C901 and 
MM54C903/MM74C903 


0 20 40 60 80 100120140 160 180 200 
C. (pF) 
TL/F/5909-11 


Typical Propagation Delay 
to a Logical “0” for the 
MM54C902/MM74C902 and 
ee MM74C904 
gos ett 
PEE aa 
Lacan 
EERE 


0 20 40 60 80 100 120 140 160 180 200 
C, (oF) 
TL/F/5909~14 
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CMOS to CMOS 


Typical Propagation Delay 
to a Logical “1” for the 
MM54C901/MM74C901 and 
M54C903/MM74C903 


Heer Pier 
O 20 40 60 80 100120140160 180 200 
Cy (pF) 


Typical Propagation Delay 
to a Logical ‘1” for the 
MM54C902/MM74C902 and 
MM54C904/MM74C904 








0 
0 2040 60 80 100120140 160 180 200 


C, (pF) 


TL/F/5909-10 


TL/F/5909-13 


TL/F/5909-12 
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MM54C905/MM74C905 


National 
Semiconductor 


MM54C905/MM74C905 





PRELIMINARY 


12-Bit Successive Approximation Register 


General Description 


The MM54C805/MM74C905 CMOS 12-bit successive ap- 
proximation register contains all the digit control and stor- 
age necessary for successive approximation analog-to-digi- 
tal conversion. Because of the unique capability of CMOS to 
switch to each supply rail without any offset voltage, it can 
also be used in digital systems as the control and storage 
element in repetitive routines. 


Connection Diagram 
Dual-In-Line Package 


Vec NC att aig as as Q7 = Q6 


xx @UEIEIIETIITILIILIIrTIrIITIir 
FO saat at coe ie eR aed coe reel pel red Caml colt old nad ad 


H = High Level L = LowLevel X = Don’t Care NC = No Change 


Features 

m Wide supply voltage range 

@ Guaranteed noise margin 

@ High noise immunity 

m Low power TTL 
compatibility 

m Provision for register extension or truncation 

mw Operates in START/STOP or continuous conversion 
mode 


Drive ladder switches directly. For 10 bits or less with 
50k/100k R/2R ladder network 


3.0V to 15V 
1.0V 

0.45 Vcc (typ) 
Fan out of 2 
driving 74L 


Order Number MM54C905* 
or MM74C905* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Qrrurrrrgs4-~x 
Qrrrrrrrrs3r-s» 


i) 
aS 
Qrrxrrrrrirrs.~x 


QO 
io) 


fe] 
nh 
QQ9rxrrrrrrrrrrs~x 


a me ai a ss sos ee oa is ge Bhs soe 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage at Any Pin —0.3V to Veco + 0.3V 
Operating Temperature Range (Ta) 
MM54C905 
MM74C905 


Storage Temperature Range (Ts) —65°C to + 150°C 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 500 mW 


Operating Vcc Range 3.0V to 15V 
Absolute Maximum Vcc 16V 


Lead Temperature (TL) 
(Soldering, 10 seconds) 


700 mW 


—55°C to + 125°C 
—40°C to + 85°C 


SO6DPZWIW/SO6OPSIIN 


260°C 


DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 


symbol_| Parameter | Conaitions | omin. =| typ | Max | Units 


CMOS TO CMOS 


Logical ‘‘1” Input Voltage Voc = 5.0V 3.5 
Vec = 10V 8.0 
Logical ‘‘0” Input Voltage Voc = 5.0V 1.5 
Voc = 10V 2.0 
4.5 
9.0 
Voc = 5.0V, lo = 10 pA 
Logical “0” tnput Current Voc = 15V, Vin = OV et 


Voc = 5.0V, lo = —10 pA 
0.5 
Voc = 10V, lo = 10 pA aa 


VouT(1) Logical ‘1°’ Output Voltage 


VouT(0) Logical 0” Output Voltage 


Voc = 10V, lo = —10 pA 
Logical 1” Input Current Voc = 15V, Vin = 15V | 0.008 | 005 


Supply Current Voc = 15V 


Logical ‘1” Input Voltage 
MM54C905 
MM74C905 


Logical ‘O” Input Voltage 
MM54C905 
MM74C905 


Vout(1) Logical ‘1’ Output Voltage 


MM54C905 
MM74C905 


Logical ‘O” Output Voltage 
MM54C905 
MM74C905 


VouT(o) 


Voc = 4.5V 
Voc = 4.75V 


Voc = 4.5V 
Voc = 4.75V 


Voc = 4.5V, lo = —360 pA 
Voc = 4.75V, lo = —360 pA 


Voc = 4.5V, lo = 360 pA 
Voc = 4.75V, lo = 360 pA 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


ISOURCE Output Source Current 
(P-Channel) 
Output Source Current 
(P-Channel) 
Output Sink Current 
(N-Channel) 
Output Sink Current 
(N-Channel) 


Q11-Q0 Outputs 


Q11-Q0 Outputs 


ISOURCE 


RSOURCE 


Voc = 5.0V, Vout = OV 
Ta = 25°C 

Voc = 10V, Vout = OV 

Ta = 25°C 

Vcc = 5.0V, Vout = Voc 

Ta = 25°C 

Vec = 10V, Vout = Voc 

Ta = 25°C 

Voc = 10V +5% 

Vout = Vcc — 0.3V 
Ta = 25°C 

Voc = 10V £5% 

Vout = 0.3V 

Ta = 25°C 
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MM54C905/MM74C905 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise specified 


Symbol __faremeter_|_conditons_{ in| tye _| wx | Units 


Propagation Delay Time from 
Clock Input to Outputs 
(Q0-Q11) (t 


Propagation Delay Time from 
Clock Input to DO (tpa(Do)) 


Propagation Delay Time from 
Register Enable (E) to Output 


Propagation Delay Time from Voc = 5.0V 
Clock to CC (tpacc)) Voc = 10V 


Data Input Set-Up Time Voc = 5.0V 
Voc = 10V 


Start Input Set-Up Time Voc = 5.0V 

Voc = 10V 

Minimum Clock Pulse Width Voc = 5.0V 

Voc = 10V 

tr, te Maximum Clock Rise and Fall Time Vec = 5.0V 
Voc = 10V 

fMax Maximum Clock Frequency Voc = 5.0V 
Veco = 10V 


Cok Clock Input Capacitance Clock Input (Note 2) a as 
Cin Input Capacitance Any other Input (Note 2) Pa 
Cpp Power Dissipation Capacitance (Note 3) = | aoe 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics Application 
Note—AN-90. 


Typical Performance Characteristics 


Rsink VS Temperature Rsournce VS Temperature 
2 leas 
500 Voc = 10V +5% Fale lel 
BRaReEREE 


MERE 777 
es 
ac yk hes 


-55-35 -15 5 25 45 65 85 105 125 -§5-35-15 5 25 45 65 85 105 125 


Reink (2) 
Rsource (2) 





Ta — AMBIENT TEMPERATURE (°C) Ta — AMBIENT TEMPERATURE (°C) 
: TL/F/5910-2 : TL/F/5910-3 
e These points are guaranteed by automatic testing. e These points are guaranteed by automatic testing. 
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Timing Diagram 


Ta | l 
eee 
Lee ee Ler 


TL/F/5910-4 


Switching Time Waveforms 


ten, >| — ten —_ 


TL/F/5910-5 
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MM54C905/MM74C905 


USER NOTES FOR A/D CONVERSION 


The register can be used with either current switches that 
require a low voltage level to turn the switch ON or current 
switches that require a high voltage level to turn the switch 
ON. If current switches are used which turn ON with a low 
logic level, the resulting digit output from the register is ac- 
tive low. That is, a logic ‘‘1” is represented as a low voltage 
level. If current switches are used which turn ON with a high 
logic level, the resulting digit output is active high. A logic 
“1” is represented as a high voltage level. 


For a maximum error of +14 LSB, the comparator must be 
biased. If current switches that require a high voltage level 
to turn ON are used, the comparator should be biased + 14 
LSB and if the current switches require a low logic level to 
turn ON, then the comparator must be biased — 14% LSB. 


The register can be used to perform 2’s complement con- 
version by offsetting the comparator one half full range +14 


Typical Applications 


LSB and using the complement of the MSB Q11 as the sign 
bit. 

If the register is truncated and operated in the continuous 
conversion mode, a lock-up condition may occur on power- 
ON. This situation can be overcome by making the START 
input the “OR” function of CC and the appropriate register 
output. 


The register, by suitable selection of register ladder net- 
work, can be used to perform either binary or BCD conver- 
sion. 


The register outputs can drive the 10 bits or less with 50k/ 
100k R/2R ladder network directly for Vcc = 10V or higher. 
In order to drive the 12-bit 50k/100k ladder network and 
have the + 1% LSB resolution, the MM54C902/MM74C902 
or MM54C904/MM74C904 is used as buffers, three buffers 
for MSB (Q11), two buffers for Q10, and one buffer for Q9. 


12-Bit Successive Approximation A-to-D Converter Operating in Continuous 8-Bit Truncated Mode 


Vrer = 10V 


R-2R LADDER 


R = 50k 
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1/4 MM54C32 


PARALLEL DATA OUT 


TL/F/5910-6 





Typical Applications (continued) 


12-Bit Successive Approximation A-to-D Converter, Operating in 
Continuous Mode, Drives the 50k/100k Ladder Network Directly 


Veer = 10V 


MM54C905/MM74C905 


1/4 MMS4C909 


ANALOG INPUT 


Definition of Terms 

CP: Register clock input. 

CC: Conversion complete—this output remains at Vout(1) 
during a conversion and goes to Vout) when conversion 
is complete. 

D: Serial data input—connected to comparator output in A- 
to-D applications. 

E: Register enable—this input is used to expand the length 
of the register. When E is at Vin(1) Q11 is forced to Vout(1) 
and inhibits conversion. When not used for expansion E 
must be connected to Vino) (GND). 


Q11: True register MSB output. 


PARALLEL 
DATA OUT 


R-2R LADDER 
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TL/F/5910~7 


Q11: Complement of register MSB output. 

Qi (i = 0 to 11): Register outputs. 

S: Start input—holding start input at Vin(o) for at least one 
clock period will initiate a conversion by setting MSB (Q11) 
at Vout(o) and all other output (Q10-Q0) at Vout 1). If set- 
up time requirements are met, a conversion may be initiated 
by holding start input at Vino) for less than one clock peri- 
od. 


DO: Serial data output—D input delayed by one clock peri- 
od. 
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MM54C906/MM74C906/MM54C907/MM74C907 


National 
Semiconductor 


MM54C906/MM74C906 
Hex Open Drain N-Channel Buffers 
MM54C907/MM74C907 
Hex Open Drain P-Channel Buffers 


General Description | Features 


These buffers employ monolithic CMOS technology in ™ Wide supply voltage range 3V to 15V 


achieving open drain outputs. The MM54C906/MM74C906_ _~=—sm™_-~ Guaranteed noise margin 


1V 


consists of six inverters driving six N-channel devices; and sm ~High noise immunity 0.45 Vcc (typ.) 


the MM54C907/MM74C907 consists of six inverters driving High current sourcing and sinking 
six P-channel devices. The open drain feature of these buff- open drain outputs 

ers makes level shifting or wire AND and wire OR functions 

by just the addition of pull-up or pull-down resistors. All in- 

puts are protected from static discharge by diode clamps to 

Voc and to ground. 


Connection and Logic Diagrams 


Dual-In-Line Package 


TL/F/5911-1 
Top View 


Order Number MM54C906*, MM54C907*, MM74C906* or MM74C907* 


*Please look into Section 8, Appendix D for availability of various package types. 


MM54C906/MM74C906 MM54C907/MM74C907 


aie OUTPUT Wie 


INPUT —>o— 
ee OUTPUT 


INPUT —Po— 


TL/F/6911-2 


TL/F/5911-3 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700 mW 


Voltage at Any Input Pin —0.3V to Voc +0.3V Small Outline 500 mW 


Voltage at Any Output Pin Operating Vcc Range 3V to 15V 
MM54C906/MM74C906 —0.3Vto+18V Absolute Maximum Voc 18V 
MM54C907/MM74C907 Voc — 18 to Voc + 0.3V Lead Temperature (T,) 


Operating Temperature Range (Soldering, 10 seconds) 260°C 
MM54C906/MM54C907 —55°C to +125°C 


MM74C906/MM74C907 —40°C to + 85°C 


DC Electrical Characteristics Min/Max limits apply across temperature range unless otherwise noted 


symbol | __Parameter__— | Conditions, | Min’ | Typ Max | Units 


CMOS TO CMOS 


Logical ‘1” Input Voltage Vcc = 5V 
Voc = 10V 
Logical “0” Input Voltage Voc = 5V 1.5 
Voc = 10V 2 
a ee ee 


Logical 1” Input Current Voc = 15V, Vin = 15V 
Logical “0” Input Current | Voc = 15V, Vin = OV | = -10 =| -0008 [| 
Supply Current Voc = 15V, Output Open ae oe ee 


Output Leakage 
MM54C906 Voc = 4.5V, Vin = Voc — 1.5V 0.005 
Voc = 4.5V, Vout = 18V : 
MM74C906 Voc = 4.75V, Vin = Voc — 1.5V 0.005 
Voc = 4.75V, Vout = 18V ; 


Z069¢ZWIN/Z069PSWW/S069PZININ/S069PSINN 





MM54C907 Voc = 4.5V, Vin = 1V + 0.1 Voc 
Voc = 4.5V, Vout = Voc — 18V 


MM74C907 Voc = 4.75V, Vin = 1V + 0.1 Voc 
Voc = 4.75V, Vout = Voc — 18V 


CMOS/LPTTL INTERFACE 
Logical “1’* Input Voltage 54C, Vcc = 4.5V 
74C, Voc = 4.75V 
Logical “0” Input Voltage 54C, Voc = 4.5V 
74C, Vcc = 4.75V 
OUTPUT DRIVE CURRENT 
MM54C906 Voc = 4.5V, Vin = 1V +0.1 Voo 
Voc = 4.5V, Vout = 0.5V 
Voc = 4.5V, Vout = 1.0V 


MM74C906 Voc = 4.75V, Vin = 1V +0.1 Voc 
Vcc = 4.75V, Vout = 0.5V 
Voc = 4.75V, Vout = 1.0V 
MM54C907 Voc = 4.5V, Vin = Voc —1.5V 
Vec = 4.5V, Vout = Voc — 0.5V 
Voc = 4.5V, Vout = Voc — 1V 
MM74CS907 Voc = 4.75V, Vin = Voc —1.5V 
Voc = 4.75V, Vout = Voc — 0.5V 
Voc = 4.75V, Vout = Voc — 1V 


MM54C906/MM74CS806 Voc = 10V, Vin = 2V 
Voc = 10V, Vout = 0.5V 
Voc = 10V, Vout = 1V 

MM54C907/MM74C907 Voc = 10V, Vin = 8V 
Voc = 10V, Vout = 9.5V 
Voc = 10V, Vout = 9V 
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MM54C906/MM74C906/MM54C907/MM74C907 


AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise specified 


Propagation Delay Time 
to a Logical ‘‘O” 
MM54C906/MM74C806 Voc = 5.0V, R = 10k 
Voc =10V, R = 10k 75 
MM54C907/MM74C807 Voc = 5.0V (Note 4) 150 + 0.7 RC 
Voc = 10V (Note 4) 75 + 0.7RC 


Propagation Delay Time 
to a Logical ‘1” 
MM54CS806/MM74C906 Voc = 5.0V (Note 4) 150 + 0.7 RC 
Voc = 10V (Note 4) 75 + 0.7RC 
MM54C907/MM74C907 Voc = §.0V, R = 10k 150 
Voc = 10V,R = 10k 75 


Input Capacitance (Note 2) | df so | 
Output Capacity (Note 2) ae i 
Power Dissipation Capacity (Note 3) Per Buffer f= hee, =< —_--| 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. (Assumes outputs are open). 


Note 4: “C” used in calculating propagation includes output load capacity (C_) plus device output capacity (Cour). 


Typical Applications 
Wire OR Gate Wire AND Gate 


Vee Vec 


MM54C906/ 
MM74C906 


MM54C907/ 
MM74C907 
TL/F/5911-5 


Note: Can be extended to more than 2 inputs. 


TL/F/5911-4 
Note: Can be extended to more than 2 inputs. 


CMOS or TTL to PMOS Interface CMOS or TTL to CMOS ata Higher Vcc 


MM54C906/ 
MM74CS06 


MM74C907 Note: Voc + Vpp < 18V TL/F/5911-7 
Veco < 15V TL/F/5911-6 
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National 
Semiconductor 


MM54C910/MM74C910 256 Bit TRI-STATE® 
Random Access Read/Write Memory 


General Description 


The MM54C910/MM74C910 is a 64 word by 4-bit random 
access memory. Inputs consist of six address lines, four 
data input lines, a WE, and a ME line. The six address lines 
are internally. decoded to select one of the 64 word loca- 
tions. An internal address register latches the address infor- 
mation on the positive to negative transition of ME. The 
TRI-STATE outputs allow for easy memory expansion. 


Address Operation: Address inputs must be stable (tga) 
prior to the positive to negative transition of ME, and (ty) 
after the positive to negative transition of ME. The address 
register holds the information and stable address inputs are 
not needed at any other time. 


Write Operation: Data is written into memory at the select- 
ed address if WE goes low while ME is low. WE must be 
held low for tye and data must remain stable typ after WE 
returns high. 


Read Operation: Data is nondestructively read from a 
memory location by an address operation with WE held 
high. 


Logic Diagrams 


Outputs are in the TRI-STATE (Hi-Z) condition when the 
device is writing or disabled. 


Features 

m Supply voltage range 

@ High noise immunity 
TTL compatible fan out 
Input address register 
Low power consumption 


3.0V to 5.5V 


0.45Vcc (typ.) 
1 TTL load 


250 nW/package (typ.) 
(chip enabled or disabled) 
Fast access time 250 ns (typ.) at 5.0V 
TRI-STATE outputs 


High voltage inputs 


DIN) DOUTI DIN2 DOUT2 OINS DOUTI DINS ODOUTS 
O O O O O O O 


TRISTATE « ME + WE 


ADDRESS 


ee ADDRESS 


DECODER 


Input Protection 


Vee 
BV = 7.5V 


TL/F/5914~2 


TL/F/5914-1 
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OL60PZINW/OL6DPSWIN 


MM54C914/MM74C914 


National 
Semiconductor 


MNM54C914/MM74C914 Hex Schmitt 
Trigger with Extended Input Voltage 


General Description 


The MM54C914/MM74C914 is a monolithic CMOS Hex 
Schmitt trigger with special input protection scheme. This 
scheme allows the input voltage levels to exceed Voc or 
ground by at least 10V (Vcc — 25V to GND + 25V), and is 
valuable for applications involving voltage level shifting or 
mismatched power supplies. 


The positive and negative-going threshold voltages, V7+ 
and V7-, show low variation with respect to temperature 
(typ 0.0005V/°C at Vcc = 10V). And the hysteresis, 
Vt+ — Vr— 2 0.2 Voc is guaranteed. 


Connection Diagram 


Dual-tn-Line Package 


TL/F/5917~-1 
Top View 


Features 
m Hysteresis 0.45 Vcc (typ.) 
0.2 Voc guaranteed 
Extended Input 
Voltage Range 

3V to 15V 

0.7 Vcc (typ.) 

Fan out of 2 

driving 74L 


@ Special input protection 


@ Wide supply voltage range 

@ High noise immunity 

m Low power TTL 
compatibility 


Order Number MM54C914* or MM74C914* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


Special Input Protection 


Vee 


INPUT 


8V = 25V 
for the diodes. 


TO GATE 


TL/F/5917-2 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700 mw 
Voltage at any Input Pin Voc — 25V to GND + 25V Small Outline 500 mw 
Voltage at any other Pin —0.3V to Vcc + 0.3V Operating Vcc Range 3V to 15V 
Operating Temperature Range (Ta) Absolute Maximum (Vcc) 18V 
MM54C914 —55°C to + 125°C Lead Temperature (T,) 
MM74C914 —40°C to + 85°C (Soldering, 10 seconds) 300°C 


PL6OPZIWIN/PL6OPSW 


DC Electrical Characteristics Min/Max timits apply across temperature range unless otherwise noted 
symbol_| Parameter, | ~—Conditions_ — | Min’ | Typ_| Max | Units 
CMOS TO CMOS 


Positive Going Threshold Voltage 3.0 3.6 
6.0 6.8 
9.0 10 


Negative Going Threshold Voltage 0.7 1.4 
1.4 3.2 
2.1 5 
Hysteresis 1.0 2.2 
2.0 3.6 
3.0 5 
Vour(1) Logical ‘‘1”” Output Voltage Voc = 5V, lo = —10 pA 4.5 
Voc = 10V, lo = —10 pA 9.0 


VouT(0) Logical ‘‘0” Output Voltage Voc = 5V, lo = +10 pA 0.5 
Voc = 10V, lo = +10 pA 1.0 
Logical ‘1” Input Current Voc = 15V, Vin = 25V | || 0.005 | 50 | 
Logical ‘‘O” Input Current Voc = 15V, Vin = —10V | -100 | -0.005 | | 


Supply Current Voc = 15V, Vin = — 10V/25V 0.05 
Voc = 5V, Vin = — 2.5V (Note 4) 20 
Voc = 10V, Vin = 5V (Note 4) 200 
Voc = 15V, Vin = 7.5V (Note 4) 600 


Logical''1” InputVottage | Veo= sv | 
Logical “0” Input Voltage [Voc=sv TT 
2.4 


Vout(1) Logical ‘‘1” Output Voltage 54C, Voc = 4.5V, lo = —360 pA 
74C, Voc = 4.75V, lo = —360 pA 2.4 


VouT(o) Logical ‘0’ Output Voltage 54C, Voc = 4.5V, lo = 360 pA 0.4 
74C, Voc = 4.75V, lo = 360 pA 0.4 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 


ISOURCE Output Source Current Voc = 5V, Vout = OV, Ta = 25°C 1.75 
(P-Channel) ° 

ISOURCE Output Source Current Voc = 10V, Vout = OV, Ta = 25°C ae 
(P-Channel) 
Output Sink Current Voc = 5V, Vout = Vcc, Ta = 25°C 

1.75 3.6 

(N-Channel) 
Output Sink Current Voc = 10V, Vout = Voo: Ta = 25°C 16 
(N-Channel!) 
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MM54C914/MM74C914 


AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise specified 


| Parameter | Conditions| Min | typ | tax 
Propagation Delay from Input to Output | vVoc=sv | ———s«d(ss220 | 400 

| Vec=tov | | 80 | 200 

|_InputCapacitance | Anyinput(Notez) | | os | 
| _PowerDissipationCapacitance | (NoteayPerGate | | 20 | 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 


they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 


Note 4: Only one input is at /% Vcc, the others are either at Voc or GND. 


Typical Performance Characteristics 


Typical Transfer Characteristics Guaranteed Trip Point Range 
"S Tramsacta 55°C TO +125°C 
MM74C14 -40°C TO +85°C 
*MINIMUM HYSTERESIS 


OUTPUT VOLTAGE {V) 


= 
w 
o 
< 
- 
a 
i=] 
> 
= 
> 
a 
= 


INPUT VOLTAGE (V) 
TL/F/5917-4 , TL/F/5917-5 


Typical Application 


Vee Vec2 


INPUT 
VOLTAGE 


ov 


MM540914/ 
MM74C914 


OUTPUT TL/F/5917-3 
VOLTAGE Note: Voc1 = Vcce2 
GND1 = GND2 


TL/F/5917-6 
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National 
Semiconductor 


MM54C915/MM74C915 7-Segment-to-BCD Converter 


General Description 


The MM54C915/MM74C915 is a monolithic complementary 
MOS (CMOS) integrated circuit, constructed with N- and P- 
channel enhancement-mode transistors. This circuit ac- 
cepts 7-segment information and converts it into BCD infor- 
mation. The true state of the Segment inputs can be select- 
ed by use of the Invert/Non-Invert control pin. A logical “‘0”’ 
on the Invert/Non-Invert control pin selects active high true 
decoding at the Segment inputs. A logical ‘'1” on the Invert/ 
Non-Invert control pin selects active low true decoding at 
the Segment inputs. In addition to 4 TTL compatible BCD 
outputs, an Error output and Minus output are available. The 
Error output goes to an active ‘‘1” whenever a non-standard 
7-segment code appears at the Segment input. The BCD 
outputs are forced into a TRI-STATE® condition when an 
error is detected. This allows the user to program his own 
error code by tying the BCD outputs to Vcc or Ground via 
high value resistors (~ 500k). The BCD outputs may also be 
forced into TRI-STATE by a logical “1” on output enable 
(OE). 


Logic Diagram 


SEGMENT 
INPUTS 


INVERT/NON-INVERT 
CONTR 


Connection Diagram 


Dual-In-Line Package 


SEGMENT INPUTS 
a CONTROL OUT 


INVERT MINUS 


9 EAROR OE 82! GND 
OUT 
SEGMENT INPUTS 


TL/F/5918-2 
Top View 


The Minus output goes to a logical “1” whenever a minus 
code is detected and is useful as a microprocessor inter- 
rupt. The BCD outputs are in a flow-through condition when 
Latch Enable (LE) is at a logical ‘‘O0” and latched when LE is 
at a logical “1”. The inputs will not clamp signals to the 
positive supply, allowing simple level translation from MOS 
to TTL. 


Features 

@ Wide supply range 

g@ High noise immunity 

m TTL compatible fan out 

@ Selectable active true inputs 
m TRI-STATE outputs 


3V-15V 


0.45 Voc (typ.) 
1 TTL load 


.™ On-chip latch 


@ Error output 
@ Minus output 


DECODING 
- LOGIC 


TL/F/5918-1 


Order Number MM54C915* or MM74C915* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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SL6DPZINW/SL6OPSWN 


MmM54C0915/MM74C915 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation 
Distributors for availability and specifications. Dual-In-Line 700 mW 


Voltage at Any Output —0.3V to Vcc + 0.3V Small Outline 500 mW 
Voltage at Any Input —0.3V to 18V Operating Vcc Range 4.0V to 15V 


Operating Temperature Range Maximum Vcc 18V 
MM54C91 5 —55°C to + 125°C Lead Temperature 


MM74C915 — 40°C to + 85°C (Soldering, 10 seconds) 260°C 


DC Electrical Characteristics min/Max limits apply across temperature range, unless otherwise noted 


Symbol Conditions | __—in | Typ__|_ Max _| Units 


CMOS TO CMOS 
Logical ‘'1” Input Voltage 


Logical ‘‘O” Input Voltage 


Logical ‘‘1” Input Current 


VouT(1) Logical “1” Output Voltage 
VouT(o) Logical ‘‘0” Output Voltage 


Supply Current 


CMOS/TTL INTERFACE 


Logical ‘'1” Input Voltage 
MM54C915 Voc = 4.5V 
MM74C915 Voc = 4.75V 


Logical ‘‘0” Input Voltage 
MM54C915 
MM74C915 


VouT(1) Logical “1” Output Voltage lo = —360 pA 
MM54C915 Voc = 4.5V 


VouT(0) Logical “‘0” Output Voltage 
MM54C0915 
MM740915 


OUTPUT DRIVE (Short Circuit Current) 


ISOURCE Output Source Current Ta = 25°C, Vo = OV 
P-Channel (Note 2) 
Voc = 5V 
Voc = 10V 
Vec = 15V 


Output Sink Current Ta = 25°C, Vo = Voc 
N-Channel (Note 2) 

Voc = 5V 

Voc = 10V 

Vec = 15V 





6-148 


AC Electrical Characteristics* 1, = 25°c 


| Parameter |Conaiitions,_— | in| typ | Max_| 


Propagation Delay Time to 
Logical “0” or Logical ‘'1” 


tpdo, tpat 


Propagation Delay Time from 
Logical “0” or Logical “1” 
into High Impedance State 


ton, tH 


Propagation Delay Time from 
High Impedance State to a 
Logical ‘0” or Logical ‘‘1” 


Input Data Set-Up Time 


Input Data Hold Time 


Cy = 50 pF 
Vcc = 5V 

Vcc = 10V 
Voc = 15V 


Ry = 10k, C, = 10 pF 
Voc = 5V 
Vcc = 10V 
Vcc = 15V 


Ry = 10k, C, = 50 pF 
Voc = 5V 

Voc = 10V 

Voc = 15V 


Input Capacitance Any Input (Note 3) ee ee ee 
TRISTATE Output Capacitance | AnyOutput(Notes) | | 10 | | 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 


Note 2: These specifications apply to transient operation. !t is not meant to imply that the device should be operated at these limits in sustained operation. 


Note 3: Capacitance is guaranteed by periodic testing. 


Truth Table 


CHARACTER BCD OUTPUTS 


EIEIEIEY 


AT SEGMENT 
INPUTS 


ABB saeco 


All other input 
combinations 


xxx 4AOCCOHA-fm444C GO0 0 
xxx? COOH-4400-22 000 


X = represents TRI-STATE condition 


xxx? eRe OH 0 Os-o-02-40 


=" QO 0000 00 000 000 


NON-BCD 

OUTPUTS 
ERROR | MINUS | 
0 


Segment Identification 


TL/F/5918-4 


ooerocoo0qocooacococjcos 


TL/F/5918-3 
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MM540915/MM74C915 


Typical Applications 


Multiplex 7-Segment to Straight BCD 


SEGMENT INFORMATION 


10Fn 
MULTIPLEXER 


LS! PART 
W/MULTIPLEXED 
7-SEGMENT 
INFORMATION 


DIGIT 
SELECT 


SEG BCD 
INPUTS OUTPUTS 


MM54C915 


LATCH 
ENABLE 


STRAIGHT BCD 


TL/F/5918-5 


Memory Expansion from 7-Segment Outputs 


LSI PART 
W/MULTIPLEXED 
7-SEGMENT 


INFORMATION 10Fn 


MULTIPLEXER 


SEGMENT INFORMATION 


SEG 
INPUTS 


MM54C915 


LATCH 
ENABLE 


qn 
COUNTER 


BCD 


DATA INPUTS 


ADDRESS 


2m 
COUNTER 
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National 
Semiconductor 


MM54C922/MM74C922 16-Key Encoder 
MM54C923/MM74C923 20-Key Encoder 


General Description 


These CMOS key encoders provide all the necessary logic 
to fully encode an array of SPST switches. The keyboard 
scan can be implemented by either an external clock or 
external capacitor. These encoders also have on-chip pull- 
up devices which permit switches with up to 50 kN on resist- 
ance to be used. No diodes in the switch array are needed 
to eliminate ghost switches. The internal debounce circuit 
needs only a single external capacitor and can be defeated 
by omitting the capacitor. A Data Available output goes to a 
high level when a valid keyboard entry has been made. The 
Data Available output returns to a low level when the en- 
tered key is released, even if another key is depressed. The 
Data Available will return high to indicate acceptance of the 
new key after a normal debounce period; this two-key roll- 
over is provided between any two switches. 


Connection Diagrams 


Dual-In-Line Package 


ROW Y1 Vee 
ROW Y2 DATA OUTA 
ROW Y3 DATA OUTB 


ROW Y4 DATA OUTC 


OSCILLATOR DATA OUTD 
KEYBOUNCE MASK OUTPUT ENABLE 
COLUMN X4 DATA AVAILABLE 


COLUMN X3 COLUMN X1 


GND COLUMN X2 


TL/F/6037-1 
Top View 


Order Number MM54C922* or MM74C922* 


An internal register remembers the last key pressed even 
after the key is released. The TRI-STATE® outputs provide 
for easy expansion and bus operation and are LPTTL com- 
patible. 


Features 

mg 50 kQ maximum switch on resistance 

gw On or off chip clock 

@ On-chip row pull-up devices 

@ 2 key roll-over 

 Keybounce elimination with single capacitor 
@ Last key register at outputs 

@ TRI-STATE outpust LPTTL compatible 

m Wide supply range 

m Low power consumption 


3V to 15V 


Dual-In-Line Package 


ROW Yt Vec 
Row Y2 DATA OUTA 
ROW Y3 DATA OUT B 
ROW Y4 DATA OUTC 
ROW Y5 DATA OUT D 
OSCILLATOR DATA OUTE 
KEYBOUNCE MASK OUTPUT ENABLE 
COLUMN X4 DATA AVAILABLE 
COLUMN X3 COLUMN X1 


GND COLUMN X2 


TL/F/6037~2 
Top View 


Order Number MM54C923* or MM74C923* 


*Please look into Section 8, Appendix D for availability of various package types. 
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MM54C922/MM74C922/MM54C923/MM74C923 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 
Distributors for availability and specifications. Dual-tn-Line 700 mW 


Voltage at Any Pin Veco — 0.3V to Veco +.0.3V Small Outline 500 mW 
Operating Temperature Range Operating Vcc Range , 3V to 15V 
MM54C922, MM54C923 — 55°C to + 125°C Voc 18V 


MM74C922, MM74C923 — 40°C to + 85°C Lead Temperature 


(Soldering, 10 seconds) 260°C 
DC Electrical Characteristics min/max limits apply across temperature range unless otherwise specified 


Symbol Conditions | Min | typ | Max _| Units 


CMOS TO CMOS 


Positive-Going Threshold Voltage Voc = 5V, lin 2 0.7 mA 
at Osc and KBM Inputs Voc = 10V, lin = 1.4mA 
Voc = 15V, lin = 2.1 mA 


Negative-Going Threshold Voltage Voc = 5V, lin 2 0.7 mA 
at Osc and KBM Inputs Voc = 10V, lin = 1.4mA 
Veco = 15V, lin = 2.1 mA 


Logical ‘1” Input Voltage, 
Except Osc and KBM Inputs 


Logical “0” Input Voltage, 
Except Osc and KBM Inputs 


Row Pull-Up Current at Y1, Y2, Voc = 5V, Vin = 90.1 Voc 
Y3, Y4 and Y5 Inputs Voc =10V 
Veco = 15V 


VouT(1) Logical ‘'1"” Output Voltage Voc = 5V, lo = —10 pA 


Voc = 10V, lo = —10 pA 
Voc = 15V, lo = —10 pA 
Vout(o) Logical ‘‘0” Output Voltage Voc = 5V, lo = 10 pA 
Voc = 10V, lo = 10 pA 
Voc = 15V, lo = 10 pA 
Column “ON” Resistance at Voc = 5V, Vo = 0.5V 
X1, X2, X3 and X4 Outputs Vcc = 10V, Vo = 1V 
Veg = NV No = i 
Supply Current 
Osc at OV, (one Y low) 


NN(4) Logical ‘'1” Input Current Voc = 15V, Vin = 15V 
at Output Enable 
liN(O) Logical “0” Input Current Voc = 15V, Vin = OV 
at Output Enable 


CMOS/LPTTL INTERFACE 


Logical ‘1” Input Voltage, 54C, Voc = 4.5V 
Except Osc and KBM Inputs 74C, Voc = 4.75V 


Logical ‘‘0” Input Voltage, 54C, Voc = 4.5V 
Except Osc and KBM Inputs 746, Voc = 4.75V 


Vout(1) Logical ‘‘1” Output Voltage 54C, Vcc = 4.5V 
lo = —360 pA 


rae eS 
223 )o00|<<<)<<<|E $5 |<<<|<<<|<<<|<<< 


74C, Voc = 4.75V 
lo = —360 pA 


VouT(o) Logical “0” Output Voltage 54C, Vcc = 4.5V 
Io = —360 pA 
74C, Voc = 4.75V 
lo = —360 pA 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 


they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 
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DC Electrical Characteristics 


Min/Max limits apply across temperature range unless otherwise specified (Continued) 


Symbol Conditions | Min | typ | Max | Units 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 


ISQURCE Output Source Current Voc = 5V, Vout = OV, 
(P-Channel) Ta = 25°C 

ISOURCE Output Source Current Voc = Bi Vout = OV, 
(P-Channel) Ta = 
Output Sink Current a = 5V, aoe = Vcc 
(N-Channel) = 25°C 
Output Sink Current a = 10V, Vout = Vcc, 
(N-Channel) Ta = 25°C 


todo: toat Propagation Delay Time to C_ = 50 pF (Figure 7) 
Logical ‘‘0” or Logical “1” Voc = 5V 
from D.A. Voc = 10V 
Voc = 15V 
tow, t1H Propagation Delay Time from Ryu = 10k, C_ = 10 pF (Figure 2) 
Logical ‘O” or Logical “1’’ Voc = 5V, Rr = 10k 80 
into High Impedance State Voc = 10V, CL = 10 pF 65 150 
Voc = 15V 50 110 
tHo: tH4 Propagation Delay Time from Riu = 10k, C, = 50 pF (Figure 2) 
High Impedance State toa Voc = 5V, Rp = 10k 100 250 
Logical “0” or Logical “1” Voc = 10V, CL = 50 pF 55 an 
Voc = 15V 40 


Input Capacitance Any Input (Note 2) = bees eer 2 | 
TRI-STATE Output Capacitance Any Output (Note 2) ana aT aa! 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Switching Time Waveforms 


Vec 
ANY KEY 
0 — 


Ss. 


Vv BATA OUT { TRISTATE 
cc 
ANY OTHER Vou 10% 

KEY 


DATA 
AVAILABLE 


DATA OUT TRISTATE 
— a= aa eae ane 


TL/F/6037-4 


FIGURE 2 
TL/F/6037-3 


T1 = T2 = RC, T3 = 0.7 RC, where R ~ 10k and Cis external capacitor at KBM input. 
FIGURE 1 
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MM54C922/MM74C922/MM54C923/MM74C923 


Block Diagram 


10k 


é DATA AVAILABLE 
. é 

OSC EXTC 

OR CLOCK 


int Y 


Voc 


SPST 
SWITCH 


Truth Table 


9 


' 
INHIBIT KEY BOUNCE 0 
ELIMINATION 
2704 DECODER 
ACTIVE LOW OUTPUTS 


Y 


ENCODING 
LoGic 
AND 
2-KEY 
ROLL OVER 


: 
Hoe 


10 #11 #12 #13 #14 «15 «= «16 


6 DATA 
AVAILABLE 


"TRISTATE 


OUTPUTS 


TL/F/6037-5 


17 18 19 


Position | ¥1,x1 ¥1,X2 ¥1,X3 Y1,X4 Y2,X1 Y2,X2 Y2,X3 Y2,X4 Y3,X1 Y3,X2 Y3,X3 Y3,X4 Y4,X1 Y4,X2 ¥4,X3 Y4,X4 Y5*,X1 Y5*,X2 Y5*,X3_ Y5*,X4 


*Omit for MM54C922/MM74C922 
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Typical Performance Characteristics 


Typical Irp vs Vin at Typical Ron VS Vout at 
Any Y Input Any X Output 


ROW PULL-UP CURRENT (uA) 
COLUMN QUTPUT IMPEDANCE (kx) 


Vout (V) 
TL/F/6037-6 TL/F/6037-7 


Typical Debounce Period 


Fscan (Hz) 
DEBOUNCE PERIOD (SECONDS) 


-y 
TT 





saiiiliamail mai vata 


Cosc (uF) Cem (uF) 
TL/F/6037-8 TL/F/6037-9 


Typical Applications 


Synchronous Handshake (MM74C922) Synchronous Data Entry Onto Bus (MM74C922) 


TO DATA BUS 
TO DATA BUS 


MM74C74 
DATA AVAILABLE 


DATA AVAILABLE 
(INVITATION) 


SYSTEM 


CLOCK 
ENABLE OUTPUT 
(RESPONSE) (SEE NOTE 3) 


C 
TL/F/6037-10 Ll 


TL/F/6037-11 


Outputs are enabled when valid entry is made and 
go into TRI-STATE when key is released. 


Note 3: The keyboard may be synchronously scanned by omitting the capacitor at osc. and driving osc. directly if the system clock rate is lower than 10 kHz. 
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MM54C922/MM74C922/MM54C923/MM74C923 


Typical Applications (continued) 


Asynchronous Data Entry Onto Bus (MM74C922) 


1/6 74004 


TO DATA BUS 


DATA AVAILABLE 


TL/F/6037-12 


Outputs are in TRI-STATE until key is pressed, then data is placed on bus. 
When key is released, outputs return to TRI-STATE. 


Expansion to 32 Key Encoder (MM74C922) 


Voc 


Theory of Operation 


The MM74C922/MM74C923 Keyboard Encoders imple- 
ment all the logic necessary to interface a 16 or 20 SPST 
key switch matrix to a digital system. The encoder will con- 
vert a key switch closer to a 4(MM74C922) or 
5(MM74C923) bit nibble. The designer can control both the 
keyboard scan rate and the key debounce period by altering 
the oscillator capacitor, Coge, and the key bounce mask 
capacitor, Cysx. Thus, the MM74C922/MM74C923’s per- 
formance can be optimized for many keyboards. 


The keyboard encoders connect to a switch matrix that is 4 
rows by 4 columns (MM74C922) or 5 rows by 4 columns 
(MM74C923). When no keys are depressed, the row inputs 
are pulled high by internal pull-ups and the column outputs 
sequentially output a logic “0”. These outputs are open 
drain and are therefore low for 25% of the time and other- 
wise off. The column scan rate is controlled by the oscillator 
input, which consists of a Schmitt trigger oscillator, a 2-bit 
counter, and a 2—4-bit decoder. 


When a key is depressed, key 0, for example, nothing will 
happen when the X1 input is off, since Y1 will remain high. 
When the X1 column is scanned, X1 goes low and Y1 will go 
low. This disables the counter and keeps X1 low. Y1 going 


Ee 
petetate te 


F 
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MM74C20 
100 kQ 


+5V 
MM74C922 - 


TO DATA 
BUS 


TL/F/6037-13 


low also initiates the key bounce circuit timing and locks out 
the other Y inputs. The key code to be output is a combina- 
tion of the frozen counter value and the decoded Y inputs. 
Once the key bounce circuit times out, the data is latched, 
and the Data Available (DAV) output goes high. 


lf, during the key closure the switch bounces, Y1 input will 
go high again, restarting the scan and resetting the key 
bounce circuitry. The key may bounce several times, but as 
soon as the switch stays low for a debounce period, the 
closure is assumed valid and the data is latched. 


A key may also bounce when it is released. To ensure that 
the encoder does not recognize this bounce as another key 
closure, the debounce circuit must time out before another 
closure is recognized. 


The two-key roll-over feature can be illustrated by assuming 
a key is depressed, and then a second key is depressed. 
Since all scanning has stopped, and all other Y inputs are 
disabled, the second key is not recognized until the first key 
is lifted and the key bounce circuitry has reset. 


The output latches feed TRI-STATE, which is enabled when 
the Output Enable (OE) input is taken low. 





National 
Semiconductor 


MM54C932/MM74C932 Phase Comparator 


General Description 


The MM74C932/MM54C932 consists of two independent 
output phase comparator circuits. The two phase compara- 
tors have a common signal input and a common comparator 
input. The signal input can be directly coupled for a large 
voltage signal, or capacitively coupled to the self-biasing 
amplifier at the signal input for a small voltage signal. 


Phase comparator I, an exclusive-OR gate, provides a digi- 
tal error signal (phase comp. | out) and maintains 90° phase 
shifts at the VCO center frequency. Between signal input 
and comparator input (both at 50% duty cycle), it may lock 
onto the signal input frequencies that are close to harmon- 
ics of the VCO center frequency. 


Block and Connection Diagrams 


SIGNAL 
IN 


COMPARATOR 3 
IN 


Phase comparator II is an edge-controlled digital memory 
network. It provides a digital error signal (phase comp. Il 
out) and lock in signal (phase pulses) to indicate a locked 
condition and maintains a 0° phase shift between signal in- 


‘ put and comparator input. 


Features 

m Wide supply voltage range 

@ Convenient mini-DIP package 

m TRI-STATE® phase-comparator output (comparator Il) 
B 200 mV input voltage (signal in) sensitivity (typical) 


PHASE-COMP | OUT 


PHASE COMP 11 out 
PHASE PULSES 


TL/F/5921—-1 


Dual-in-Line Package 


PHASE PULSES 1 
PHASE COMP | OUT 2 
COMPARATOR IN 3 
GND 4 


Vec 

NC 

SIGNAL IN 

PHASE COMP 11 OUT 


TL/F/5921-2 


Top View 


Order Number MM54C932* or MM74C932* 
*Please look into Section 8, Appendix D for availability of various package types. 
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MM54C932/MM74C932 


Absolute Maximum Ratings (noie 1) 


If Mititary/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 
Voltage at Any Pin —0.3V to Vcc + 0.3V 
Operating Temperature Range 
MM54C932 
MM74C932 


Storage Temperature Range 


—55°C to + 125°C 
—40°C to + 85°C 


—65°C to + 150°C 


DC Electrical Characteristics 


Power Dissipation (Pp) 
Dual-In-Line 
Small Outline 500 mW 


Operating Vcc Range 3V to 15V 
Absolute Maximum Vcc 18V 
Lead Temperature (Soldering, 10 seconds) 260°C 


700 mW 


symbol [—eaameter | consons [win [typ [wor | Units 


Quiescent Device Current 
PIN 3 = 
Voc = a 
Voc = 10V 
Voc = 15V 


PINS = Vcc PIN 8 = Voc, 


pA 
pA 





PIN 6 = Open, PIN3 = GND 


Voc = 5V 
Voc = 10V 
Voc = 15V 


Low Level Output Voltage 


High Level Output Voltage 


Low Level Input Voltage 
Comparator and Signal 


Veco = 5V, Vo = 0.5V or 4.5V 
Voc = 10V, Vo = 1Vor9V 


Voc = 15V, Vo = 1.5V or 13:5V 


High Level Input Voltage 
Comparator and Signal 


Voc = 5V, Vo = 0.5V or 4.5V 
Voc = 10V, Vo = 1Vor9V 


Voc = 15V, Vo = 1.5V or 13.5V 


Low Level Output Current 


Voc = 5V, Vo = 0.4V 


Voc = 10V, Vo = 0.5V 
Voc = 15V, Vo = 1.5V 


High Level Output Current 


Voc = 5V, Vo = 4.6V 


Voc = 10V, Vo = 9.5V 


Voc = 15V, Vo = 
All Inputs except Signal Input 


Input Current 


13.5V 


Voc = 15V, Vin = OV 
Voc = 15V, Vin = 15V 1.0 


|_InputCapacitance | Anyinput, =| 7s 


Total Power Dissipation fo = 


10 kHz, R1 = 1M 


R2 = 0, VCOw = Voc/2 


Veco = 5V 
Voc = 10V 
Voc = 15V 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 


operation. 
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Electrical Characteristics 


Parameter |__—Gonaitions | Min | typ | Max_| 


Phase Comparators 
Input Resistance Signal Input 


Comparator Input 


ACC pled Signal Input Cseries = 1000 pF 
‘tage Sensitivity f = 50 kHz 
Voc = 5V 
Voc = 10V 
Voc = 15V 


Phase Comparator State Diagrams 


PHASE COMPARATOR | 


INPUT STATE 
COMPARATOR 
IN 


® 


SIGNAL 
IN 


TL/F/5921-3 


INPUT STATE 
COMPARATOR 


}PHASE COMP OUT] 0 | TRISTATE _| 
| Prase ruses | oo | ot | 


FIGURE 1 


TL/F/5921-4 
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CE6OPZININ/CEGOPSININ 


MM54C932/MM74C932 


Typical Waveforms 


Phase Comparator | 
V 


cc — 
SIGNAL IN | | | 
Oy 
COMPARATOR IN : | | | | 


v 
Vou 


0 — 
PHASE COMP | OUT Fe | | | | | | | 


v 


Yoo i QV ™ 
(LOW PASS FILTER OUTPUT) O29y—— 
TL/F/5921~-5 


FIGURE 2. Typical Waveform Employing Phase Comparator | in Locked Condition 


Phase Comparator II 


SIGNAL IN | | | 
Oy 
Vv 


Oe ae! 
COMPARATOR IN r | | 


v 


Voce 
PHASE PULSES | | 
Vy—= 
PHASE COMP II OUT ; pe 


v 


VCO Vou 


(LOW PASS FILTER OUTPUT) —— 


TL/F/5921-6 
FIGURE 3. Typical Waveform Employing Phase Comparator II in Locked Condition 


Typical Phase Locked Loop 


FILTER OUT MM74C932 
PHASE 
COMPARATOR | COMPARATOR IN 


SIGNAL 
INPUT 
-— FREQUENCY 


TL/F/5921-7 
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National 
Semiconductor 


MM54C941/MM74C941 Octal Buffers/Line Receivers/ 
Line Drivers with TRI-STATE® Outputs 


General Description 


These octal buffers and line drivers are monolithic comple- 
mentary MOS (CMOS) integrated circuits with TRI-STATE 
outputs. These outputs have been specially designed to 
drive highly capacitive loads such as bus-oriented systems. 
These devices have a fan-out of 6 low power Schottky 
loads. When Vcc = 5V, inputs can accept true TTL high 
and low logic levels. 


Connection and Logic Diagrams 


Features 

mw Wide supply voltage range (3V to 15V) 

w Low power consumption 

mg TTL compatibility (Improved on the inputs) 
m High capacitive load 

@ TRI-STATE outputs 

m@ Input protection 

@ 20-pin dual-in-line package 

@ High output drive 


Dual-In-Line Package 


OA2 


0B3 


OAS 


TL/F/5923-1 


Top View 
Order Number MM54C941* or MM74C941* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


CONTROLS ALL 
EIGHT DEVICES 


| OUTPUT 

| DISABLE 
fea 

| 

| OUTPUT 

| ee 


DATA 
INPUT 


CONTROLS ONE OF 
EIGHT DEVICES 


* SPECIAL TTL LOGIC LEVEL CONVERTER (WHEN Vcc =5V) 


TL/F/5923-2 
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LP6DPZNIN/LP6OPSINW 


MM54C941/MM74C941 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range (Ts) —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 
Distributors for availability and specifications. Dual-In-Line 700 mW 


Voltage at Any Pin 0.3V to Voc + 0.3V Small Outline 500 mw 


Operating Temperature Range (Ta) Operating Vcc Range ’ 3V to 15V 
MM54C941 —55°C to + 125°C Voc 18V 


MM74C941 ~40°C to + 85°C Lead Temperature (T,) 


(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics min/max timits apply across temperature range, unless otherwise noted 


Symbol Conditions | min | typ | Max | units 


CMOS TO CMOS 


Logical “1” Input Voltage Voc = 5.0V 
Vcc = 10V 
Logical ‘‘O” Input Voltage Voc = 5.0V 0.8 
Vcc = 10V 2.0 
VouT(1) Logical ‘‘1” Output Voltage Voc = 5.0V, lo = —10pA 
Voc = 10V, lo = —10pA 
VourT(0) Logical “0” Output Voltage Voc = 5.0V, lo = 10 pA 0.5 
Voc = 10V, Iq = 10 pA 1.0 


Logical “1” Input Current | Voc = 15V, Viv = 15V r | 00s | 10 | 
Logical ‘O” Input Current Voc = 15V, Vin = OV | -10 | -o05 | | 


Supply Current Voc = 15V 


TRI-STATE Leakage Veco = 15V, Vout = OV or 15V 


CMOS/TTL INTERFACE 


Logical ‘‘1” Input Voltage 54C, Vcc = 4.5V Voco—2.5 
746, Voc = 4.75V Voco—2.5 


Logical ‘‘O” Input Voltage 546, Vcc = 4.5V 
74C, Vcc = 4.75V 


VouT(1) Logical ‘‘1” Output Voltage 54C, Voc = 4.5V, Io = —450 pA 
74C, Voc = 4.75V, lo = —450 pA 
54C, Voc = 4.5V, lo = —2.2mA 
74C, Voc = 4.75V, lo = ~—2.2mA 


VouT(0) Logical “0” Output Voltage 54C, Voc = 4.5V, lo = 2.2 mA 
74C, Voc = 4.75V, lo = 2.2 mA 


OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 


ISOURCE Output Source Current Voc = 5.0V, Vout = OV _140 
(P-Channel) Ta = 25°C : 
ISOURCE Output Source Current = 10V, Vout = 0V 36.0 70.0 
(P-Channel) = 25°C 
Output Sink Current “a = §.0V, Vout = Vcc 
(N-Channel) Ta = 25°C 
Output Sink Current Voc = 10V, Vout = Voc 48.0 70 
(N-Channel) Ta = 25°C ; 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 


they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


<<|iI<<<c<cj/<<|[<< 





6-162 


AC Electrical Characteristics* Ta = 25°C, C, = 50 pF, unless otherwise specified 


Symbol 


tpdt, todo 


tty, ton 


tH1,tHo 


ttt, tTLH 


Co 


|_erameter_ | _conauons_| win | tye {nox _ Units 


Propagation Delay 
(Data IN to OUT) 


Propagation Delay Output 
Disable to Logic Level (from 
High Impedance State) (froma 
Logic Level) 


Propagation Delay Output 
Disable to Logic Level (from 
High Impedance State) 


Transition Time 


Power Dissipation Capacitance 
(Output Enabled per Buffer) 
(Output Disabled per Buffer) 


Input Capacitance 
(Any Input) 


(Output Capacitance) 
(Output Disabled) 


Voc = 5.0V, CL = 50 pF 
Voc = 10V, CL = 50 pF 
Voc = 5.0V, CL = 150 pF 
Voc = 10V, C, = 150 pF 


Ry = 1k, CL = 50 pF 
Vcc = 5.0V 
Voc = 210V 


RL = 1k9, CL = 50 pF 
Voc = 5.0V 
Vcc = 10V 


Voc = 5.0V, C_ = 50 pF 
Voc = 10V, C, = 50 pF 
Voc = 5.0V, CL = 150 pF 
Voc = 10V, C, = 150 pF 


(Note 3) 


(Note 2) 
Vin = OV, f = 1 MHz, 
Ta = 25°C 


VIN = OV, f = 1 MHz, 
Ta = 25°C 


LP60PZWW/LP6OPSININ 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘‘Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics Application Note, 
AN-90. 


Truth Table 


X = Don’t Care 
Z = TRI-STATE 
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MM54C941/MM74C941 


Typical Performance Characteristics 


N-Channel Output P-Channel Output 
Drive @ 25°C Drive @ 25°C 


SOLU 
PT TT TTY [Nec=sv ry 
SRUURMRONROni a 

PPT TTT EAT 
ERERREREREP Une 
L[ [| Vec= tov | VT 
BERRES>. a) ZERRn 
PITT TA 
| | Moo=teu et TT 
LL eert iT Et 


15 12 9 6 
TL/F/5923-3 Vec —Vour(V) 


SINK CURRENT (mA) 
SOURCE CURRENT (mA) 


6 8 10 12 14 16 
Vout (V) 


TL/F/5923-4 


Propagation Delay vs Atpp per pF of Load 
Load Capacitance Capacitance 


CL (pF) Vcc — POWER SUPPLY VOLTAGE (V) 
TL/F/5923-5 TL/F/5923-6 


Typical Application 


CONTROL OR ec ola ROM/PROM 
MEMORY ADDRESS REGISTER 


SYSTEM AND/OR MEMORY ADDRESS BUS 
TL/F/5923-7 
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AC Test Circuits and Switching Time Waveforms 
tpao, tpdt CMOS to CMOS 


Ywo-f ac Vout 
Tr = 50 pF 


TL/F/5923-8 


TL/F/5923-9 


tin and ty, 


INPUT OUTPUT 
DISABLE DISABLE 0.5 Vo¢ 
DISABLE 1ko iE: =5 pF ty 


1 
0.5 Voy 
TL/F/5923-11 


Note: Voy is defined as the DC output high voltage when the device is loaded with 
a1 kf resistor to ground. 


- - OUTPUT 
TL/F/5923-10 





ton and tro ton 


Voc Veg ——— 
DISAB DISABLE 
1ko ae 
INPU 
PUT OUTPUT Vee 


DISABLE CL =5 pF OUTPUT OUTPUT 


Vo. 
— 0.1 (VeoVoL) 
TL/F/5923-12 
Note: Delays measured with input t, tp < 20 ns. 


TL/F/5923-13 


Note: Vo, is defined as the DC output low voltage when the device is loaded with 
a 1kQ resistor to Voc. 
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LP60PZWW/IP6DPSININ 


MM54C989/MM74C989 





National 
Semiconductor 


MM54C989/MM74C989 


64-Bit (16 x 4) TRI-STATE® RAM 


General Description 


The MM54C989/MM74C9839 is a 16-word by 4-bit random 
access read/write memory. Inputs to the memory consist of 
4 address lines, 4 data input lines. a write enable line and a 
memory enable line. The 4 binary address inputs are decod- 
ed internally to select each of the 16 possible word loca- 
tions. An internal address register latches the address infor- 
mation on the positive to negative transition of the memory 
enable input. The 4 TRI-STATE data output lines working in 
conjunction with the memory enable input provides for easy 
memory expansion. 


Address Operation: Address inputs must be stable ts, pri- 

or to the positive to negative transition of memory enable. It 

is thus not necessary to hold address information stable for 
more than ty, after the memory is enabled (positive to neg- 
ative transition of memory enable). 

Note: The timing is different than the DM7489 in that a positive to negative 
transition of the memory enable must occur for the memory to be 
selected. 

Write Operation: Information present at the data inputs is 

written into the memory at the selected address by bringing 


write enable and memory enable low. 


Logic and Connection Diagrams 


DATA DATA 


Read Operation: The complement of the information which 
was written into the memory is non-destructively read out at 
the 4 outputs. This is accomplished by selecting the desired 
address and bringing memory enable low and write enable 
high. 

When the device is writing or disabled the output assumes a 
TRI-STATE (Hi-Z) condition. 


Features 
m Wide supply voltage range 
m Guaranteed noise margin 
m@ High noise immunity 
m Low power TTL 
compatibility 
Input address register 
Low power consumption 


3.0V to 5.5V 
1.0V 

0.45 Voc (typ.) 
Fan out of 2 
driving 74L 


250 nW/package (typ.) 
@ Vcc = 5V 
Fast access time 140 ns (typ.) at Voc = 5V 


TRI-STATE output 


DATA DATA DATA DATA. DATA _ DATA 
INPUT 1 OUTPUT 1 INPUT 2 OUTPUT 2 INPUT 3 OUTPUT 3 INPUT 4 OUTPUT 4 


4 yoyD YOY! 


| READMAITE | CIRCUITRY 


MEMORY 
ARRAY 


ADDRESS 
DECODER 


Dual-In-Line Package 
ADDRESS 
INPUT A 
INPUT B 
14 ADDRESS 
INPUT C 


INPUT D 


TL/F/5925-2 
Top View 


Order Number 
MM54C989* or MM74C989* 


*Please look into Section 8, Appendix D 
*for availability of various package types. 


TL/F/5925-1 
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National 
Semiconductor 


MM70C95/MM80C95, MM70C97/MM80C97 


TRI-STATE® Hex Buffers 


MM70C96/MM80C96, MM70C98/MM80C98 


TRI-STATE Hex Inverters 


General Description 


These gates are monolithic complementary MOS (CMOS) 
integrated circuits constructed with N- and P-channel en- 
hancement mode transistors. The MM70C95/MM80C95 
and the MM70C97/MM80C97 convert CMOS or TTL out- 
puts to TRI-STATE outputs with no logic inversion, the 
MM70C96/MM80C96 and the MM70C98/MM80C98 pro- 
vide the logical opposite of the input signal. The MM70C95/ 
MM80C95 and the MM70C96/MM80C96 have common 
TRI-STATE controls for all six devices. The MM70C97/ 
MM80C97 and the MM70C98/MM80C98 have two TRI- 
STATE controls; one for two devices and one for the other 
four devices. Inputs are protected from damage due to stat- 
ic discharge by diode clamps to Vcc and GND. 


Connection Diagrams (Dual-In-Line Packages) 
MM70C95/MM80C95 


DIS,  INg OUTg- «Ss INg_ = OUTg, «Ss Ng (OUT 


OUT; Np OUT, ~—s Ns OUTs,— GND 
TL/F/5907-1 
Top View 


Order Number MM70C95* or MM80C95* 


MM70C97/MM80C97 


DISy Ng OUTg_ «Ss INg OUT SIN 


Ny OUT, «= INs_—OUTs,— GND 
TL/F/5907-3 


Top View 
Order Number MM70C97* or MM80C97* 


Features 

m Wide supply voltage range 
@ Guaranteed noise margin 
m@ High noise immunity 

m TTL compatible 


3.0V to 15V 
1.0V 


0.45 Voc (typ.) 
Drive 1 TTL Load 


Applications 


m Bus drivers Typical propagation delay 


into 150 pF load is 40 ns 


MM70C96/MM80C96 


OUTs INS OUT 


IN, OUT, = IN3_— «OUT, 
TL/F/5907-2 
Top View 


Order Number MM70C96* or MM80C96* 


MM70C98/MM80C98 


DISy INg  OUTg_-—s Ns (OUT SINy 


OUT, IN, OUT, —s Nz «OUT, GND 
TL/F/5907-4 


Top View 
Order Number MM70C98* or MM80C98* 


*Please look into Section 8, Appendix D for availability of various package types. 
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S69D08WIN/8690ZININ/S6D08WIN/S9690ZWIN/Z6908WNIN/Z600ZWIN/S6008WIN/S600ZWW 





MM70C95/MM80C95/MM70C97/MM80C97/MM70C96/MM80C96/MM70C98/MM80C98 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) 
Distributors for availability and specifications. Dual-In-Line 700 mw 


Voltage at Any Pin —0.3V to Voc + 0.3V _. Small Outline 500 mw 


Operating Temperature Range Power Supply Voltage (Vcc) 18V 
MM70CXX —55°C to + 125°C Lead Temperature 


MM80CXX —40°C to + 85°C (Soldering, 10 seconds) 260°C 


DC Electrical Characteristics min/maxtimits apply across temperature range unless otherwise noted 


symbol | __Parameter__—— | _—Conditions, | min | typ | Max | Units 


CMOS TO CMOS 


Logical “1” Input Voltage Voc = 5V 
Vcc = 10V 

Logical “0” Input Voltage Voc = 5V 
Voc = 10V 


VouT(1) 


Vout(o) Logical “0” Output Voltage | Voc = 5V 
Voc = 10V 


ceoneceas | “41” Input Current Voc = 15V 


| Logical “0” Input Current —_| “0” Input Current 


Output Current in High Voc = 15V, Vo = 15V 
ee | State Voc = 15V, Vo = OV 
| Supply Current | Current Voc = 15V 


TTL INTERFACE 


Logical ‘1” Input Voltage oe Vcc = 4.5V 
Voc = 4.75V 


Logical ‘‘O” Input Voltage Voc = 4.5V 
Voc = 4.75V 


VouT(1) Logical ‘‘1”’ Output Voltage 70C Voc = 4.5V, lo = —1.6mA 
80C Voc = 4.75V, lo = —1.6mA 


VouTio Logical “0” Output Voltage 700 Voc = 4.5V, lo = 1.6mA 
(0) 
80C Voc = 4.75V, lo = 1.6mA 


OUTPUT DRIVE (Short Circuit Current) 


ISQURCE Output Source Current Voc = 5V, Vinay) = 5V 
Ta = 25°C, Vout = OV 


IsouRcE | Output Source Current Voc = 10V, Vint) = 10V 
Ta = 25°C, Vout = OV 


Output Sink Current Voc = 5V, Vin(oy = OV 
= 25°C, Vout = Vcc 


Output Sink Current Voc = 10V, Vino) = OV 
Ta = 25°C, Vout = Voc 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the device should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-90. 
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AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise noted. 


Parameter | Conditions 


todo tpdt Propagation Delay Time to a Logical “‘0” or 
Logical “1” from Data Input to Output 
MM70C95/MM80C95, MM70C97/MM80C97 


MM70C96/MM80C96, MM70C98/MM80C98 


todo: tat Propagation Delay Time to a Logical “0” or 
Logical “1” from Data Input to Output 
MM70C95/MM80C95, MM70C97/MM80C97 Voc = 5V, CL = 150 pF 
Voc = 10V, CL = 150 pF 
MM70C96/MM80C396, MM70C98/MM80C98 Voc = 5V, CL = 150 pF 
Voc = 10V, CL = 150 pF 


tiH, tow Delay from Disable Input to High Impedance a = 
State, (from Logical “1” or Logical ‘0”) AES 10k Ci Spr 
MM70C95/MM80C95 Veo = 5V 
Vcc = 10V 
MM70C96/MM80C96 Voc = 5V 
Voc = 10V 
MM70C97/MM80C97 Voc = 5V 
Voc = 10V 
MM70C98/MM80C98 Voc = 5V 
Vcc = 10V 


tH1, tuo Delay from Disable Input to Logical “1” Level 


(from High Impedance State) Ri = TOG CL SePr 


MM70C95/MM80C95 Voc = 5V 
Veco = 10V 

MM70C96/MM80C96 Voc = 5V 
Voc = 10V 

MM70C97/MM80C97 Voc = 5V 


Voc = 10V 
MM70C98/MM80C98 Voc = 5V 
Vcc = 10V 


Input Capacitance Any Input (Note 2) 
Output Capacitance TRI-STATE Any Output (Note 2) 
Power Dissipation Capacitance (Note 3) 


*AC Parameters are guaranteed by DC correlated testing. 


Truth Tables 


MM70C95/MM80C95 
Disable Disable 


DIS; 


86008WIN/8690ZWIN/96D08INW/9690ZINW/Z6908WN/Z690ZWIN/S6D08INW/S6D0ZWW 


Disable 
DIS, 
0 


0 
X 
{ 





*Output 5-6 only 
**Output 1~4 only 
X = Irrelevant 
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MM70C95/MM80C95/MM70C97/MM80C97/MM70C96/MM80C96/MM70C98/MM80C98 


AC Test Circuits and Switching Time Waveforms 


todo: teat 


Vin o— Pe Vout 
c 


a 


TL/F/5907-13 


tip and ty 


Voc 


DISABLE 
ov 


INPUT 


DISABLE 
Voa 


OUTPUT 
TL/F/5907—15 


ton and tyo 


DISABLE 
10k ov 


INPUT OUTPUT Voc 


CL=5pF OUTPUT 


-. DISABLE I 


Vou 


TL/F/5907-18 
Note: Delays measured with input t,, ty < 20 ns. 


CMOS to CMOS 


TL/F/5907-14 


tH 


DISABLE 50% 
ov 
tin tH 
v 
90% a 
50% 
Wie SS ov 


TL/F/5907-16 TL/F/5907-17 


tuo 


Vec 
DISABLE 50% 
ov 


tuo 
Voc 
50% 
OV 


TL/F/5907-19 TL/F/5907-20 
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Typical Performance Characteristics 


Propagation Delay vs ; Atpg/pF vs 
Load Capacitance Power Supply Voltage 


Cy ody eee 
Lee ® STC 
Snare BESE 
ETT) y= 25% 

TTT I SEE AC TEST CIRCUIT 
EeGine selina 


= 
nit 
Ro 
$38 
= 
“a 





a 
eer ttt TOT 
eo er 
nana -" 





an 
ine 
aan = 
IT) Ven =isvi | | | 
LET TTT ann 


C= LOAD CAPACITANCE (pF) Voc POWER SUPPLY VOLTAGE (V) 
TL/F/5907-5 TL/F/5907-6 








IH 
| 











tag PROPAGATION DELAY (ns) 











Atog PER pF OF LOAD CAPACITANCE (ns/pF) 


N-Channel Output Drive at 25°C P-Channel Output Drive at 25°C 


ERRERSERRERGRENE 
LaLa ol Nees 1801 1 
PET err 
PITA TT TT 
A SI 


Iguk (mA) 
lsource (mA) 























80 
8 10 12 14 16 16 14 12 10 8 


Vour (VY) Veo Your (V) 
a TL/F/5907-7 ea TL/F/5907-8 


Schematic Diagrams 
MM70C95/MM80C95 TRI-STATE 


S86908ININ/8690ZWIW/969008NWIN/9690ZWIN/Z6008WIN/Z600ZWIN/S6D08WIN/S6D0ZWIN 


CONTROLS FOR ALL 
SIX DEVICES 
° 


: 


TL/F/5907-9 


CONTROLS FOR ALL 
SIX DEVICES 
° 





: 





TL/F/S907-10 





MM70C95/MM80C95/MM70C97/MM80C97/MM70C96/MM80C96/MM70C98/MM80C98 


Schematic Diagrams (Continued) 


MM70C97/MM80C97 TRI-STATE 
ONE OF TWO/FOUR DEVICES 


Voc 


ONE OF TWO 
TRI=STATE CONTROLS 


ese @eaeaeeedoaevecoe 


TL/F/5907~11 


MM70C98/MM80C98 TRI-STATE 
ONE OF TWO/FOUR DEVICES 


ONE OF TWO 
TRI“STATE CONTROLS 


aegeoeweaewrewonnecaeaveven é wenweoeraonvaeewveaece 


4 
t) 
‘ 
8 
‘ 
t 
‘ 
t 
6 
a 


é 
t 
‘ 
i] 
6 


TL/F/5907-12 
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National 
Semiconductor 


MM74C908/MM74C918 Dual CMOS 30V Relay Driver 


General Description 


The MM74C908 and MM74C918 are general purpose dual 
high voltage drivers, each capable of sourcing a minimum of 
250 mA at Vout = Vcc — 3V, and Ty = 65°C. 

The MM74C908 and MM74C918 consist of two CMOS 
NAND gates driving an emitter follower Darlington output to 
achieve high current drive and high voltage capabilities. In 
the “OFF” state the outputs can withstand a maximum of 
—80V across the device. These CMOS drivers are useful in 
interfacing normal CMOS voltage levels to driving relays, 
regulators, lamps, etc. 


Connection Diagrams 
Dual-In-Line Package 
MM74C908 


Vout 8 


Top View 


Dual-In-Line Package 
MM74C918 


Top View 


Features 

@ Wide supply voltage range 
@ High noise immunity 

m Low output “ON” resistance 
@ High voltage 

@ High current 


3V to 18V 
0.45 Voc (typ.) 
82 (typ.) 
—30V 

250 mA 


Order Number MM74C908* 


TL/F/5912~1 


Order Number MM74C918* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


TL/F/5912-2 
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8L60PZINW/80690PZINN 


MM74C908/MM74C918 


Absolute Maximum Ratings (note 1) 


tf Military/Aerospace specified devices are required, Operating Vcc Range 4V to 18V 
contact the National Semiconductor Sales Office/ Absolute Maximum Vcc 19V 


Distributors for availability and specifications. isounee 500 mA 


Voltage at any Input Pu =O.3VIONce + 0:8V Storage Temperature Range (Ts) —65°C to + 150°C 
Voltage at any Output Pin 32V Lead Temperature (T|) 


Operating Temperature Range (Soldering, 10 seconds) 260°C 


MM74G906/MM74C918 St a aa Power Dissipation (Pp) Refer to Maximum Power 


Dissipation vs Ambient 
Temperature Graph 


DC Electrical Characteristics min/Max limits apply across temperature range, unless otherwise noted 
Symbol | Parameter Gonditons———~—S~dY in| Typ | Wax | Unit 
CMOS TO CMOS 


Logical ‘‘1” Input Voltage | Voc = 5V 
, Voc = 10V 


Logical ‘‘O” Input Voltage | Voc = 5V 
Voc = 10V 


cogil" input Curent | Voo = 18V,Vw= tev SC*dS(C 
"Supply Curent | Veo = 15V, Outputs OpenGreat | _——~‘| 00s | 16 


Logical ‘‘1” Input Voltage 

MM74C908/MM74C918 Voc = 4.75V Voc — 1.5 
Logical “0” Input Voltage 

MM74C908/MM74C918 Voc = 4.75V 


louT = —300 mA, Vcc 2 5V, 
lout = —250 mA, Vcc 2 5V, 
lout = —175 mA, Vcc 2 5V, 


lout = —300 mA, Vcc 2 5V, 5°C 
lout = —250 mA, Voc = 5V, 5°C 
lout = —175 mA, Vcc 2 5V, 50°C 


Output Resistance 0.80 
Coefficient 

Thermal Resistance (Note 3) 100 110 
MM74C908/MM74C918 (Note 3) 45 55 


AC Electrical Characteristics* 


[_Parameter____| Conditions | win_| Typ | Max 


Propagation Delay Voc = 5V, Rr = 509, 150 300 
to a Logical “1” CL = 50 pF, Ta = 25°C 

Voc = 10V, RL = 500, 

Ci = 50 pF, Ta = 25°C sa tz 
Propagation Delay Voc = 5V, RL = 509, 20 40 
to a Logic “0” CL = 50 pF, Ta = 25°C : 

Voc = 10V, Rt = 500, 

Cl = 50 pF, Ta = 25°C si = 


|__inputCapacitance | (Note2) | | 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 





Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: 6), measured in free air with device soldered into printed circuit board. 
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AC Electrical Characteristics* Ta = 25°C, CL = 50 pF, unless otherwise noted 


| Parameter | Concitions_ | Min | Typ | Max 


todo» todt Propagation Delay Time to a Logical “0” 
or Logical ‘1"’ from Data Input to Output 
MM70C95/MM80C95, MM70C97/MM80C97 


MM70C96/MM80C96, MM70C98/MM80C98 


tpao. tpat Propagation Delay Time to a Logical “0” 
or Logical ‘1” from Data Input to Output 
MM/70C95/MM80C95, MM70C97/MM80C97 Voc = 5V, CL = 150 pF 
Voc = 10V, CL = 150 pF 
MM70C96/MM80C96, MM70C98/MM80C98 Voc = 5V, C, = 150 pF 
= = 10V, CL = 150 pF 
tr, ton Delay from Disable Input to High Impedance = 10k, C, = 5 pF 
State, (from Logical ‘'1” or Logical ‘'0”) 
MM70C95/MM80C95 Voc = 5V 
Vcc = 10V 
MM70C96/MM80C96 Voc = 5V 
Vcc = 10V 
MM70C97/MM80C97 Voc = 5V 
Vcc = 10V 
MM70C98/MM80C98 Voc = 5V 
Voc = 10V 


tyH, ton Delay from Disable !nput to Logical “1” Ri = 10k, C, = 5 pF 
Level (from High Impedance State) 
MM70C95/MM80C95 Voc = 5V 
Voc = 10V 
MM70C96/MM80C96 Voc = 5V 
Voc = 10V 
MM70C97/MM80C97 Voc = 5V 


Voc = 10V 
MM70C98/MM80Cg8 Voc = 5V 
Voc = 10V 


Input Capacitance Any Input (Note 2) ian eae 
Output Capacitance TRI-STATE® Any Output (Note 2) EE = ae 
Power Dissipation Capacitance (Note 3) | | go | 


*AC Parameters are guaranteed by DC correlated testing. 


Truth Tables 


MM70C95/MM80C95 MM70C96/MM80C96 
Disable Disable 
“s DIS, 


; 


: 
0 
{ 
1 


MM70C97/MM80C97 MM70C98/MM80C98 
Disable Disable 
“ee “ss 
, : 
*Output 5-6 only 


**Output 1-4 only 
X = Irrelevant 
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Typical Performance Characteristics 


Maximum Power Dissipation Maximum Vcc — Vout Typical lout vs 
vs Ambient Temperature os Typical Vout 
500 


ReRs shee 
|_| 
ne 





= MAXIMUMU 
lout OUTPUT SOURCE CURRENT (mA) 
TYPICAL Ioyy (mA) 

















0 
0 10 20 30 40 50 60 70 80 90100110120 0 15 20 25 30 35 5.04.5 4.0 3.5 3.0 25 2.015 1.005 0 


T,> AMBIENT TEMPERATURE (°C) MAXIMUM Yoo = Voyr (V) TYPICAL Voyr (V) : 


PO(MAX) 


Typical loyt vs Typical Vour Typical lout vs Typical Voyr 
500 50 


Haan Aww PTTL 
67 cooerery 
a CCCP 
Gs 7 
a a 
7 4 ea 
Re SURE 
= 65°C 


{| 
ie Ae ee é 
§.04.5 4.0 3.5 3.0 25 20151005 0 5.04.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 
TYPICAL Voy (V) TYPICAL Voyr (¥) 


TYPICAL lout (mA) 











TL/F/5912-3 


AC Test Circuit | Switching Time Waveforms 


OUTPUT 0.5 V 
Wa 


ee eeeewe J 


/ = 
MM74C908 TL/F/5912-5 


OR MM74C918 ty = ty = 20ns 


TL/F/5912-4 
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Power Considerations 
Calculating Output “ON” Resistance (Rx > 182) 

The output “ON” resistance, Ron, is a function of the junc- 
tion temperature, Ty, and is given by: 
Ron = 9 (Ty — 25) (0.008) + 9 

and Ty is given by: 

Ty = Ta + Poav 9a, (2) 
where Ta = ambient temperature, 0ja = thermal resist- 
ance, and Ppay is the average power dissipated within the 
device. Ppay consists of normal CMOS power terms (due to 
leakage currents, internal capacitance, switching, etc.) 
which are insignificant when compared to the power dissi- 
pated in the outputs. Thus, the output power term defines 
the allowable limits of operation and includes both outputs, 
A and B. Pp is given by: 

Pp = loa? Ron + los? Ron, (3) 
where Io is the output current, given by: 


(1) 


i= Moen Mm 

on + RL 

V_ is the load voltage. 

The average power dissipation, Ppay, is a function of the 
duty cycle: 

Poav = loa? Ron (Duty Cyclea) + 

lop? Ron (Duty Cycleg) 
where the duty cycle is the % time in the current source 
state. Substituting equations (1) and (5) into (2) yields: 

Ty = Ta + O95, [9 (Ty — 25) (0.008) + 9] 

[loa2 (Duty Cyclea) + log? (Duty Cycleg)] 
simplifying: 
a! Ta + 7.2 O5n Noa? (Duty Cycles) + log? (Duty Cycles)} 

1 —0.072 Oj, [loa2 (Duty Cyclea) + Iog2 (Duty Cycleg)] 
Equations (1), (4), and (6b) can be used in an iterative meth- 
od to determine the output current, output resistance and 
junction temperature. 


(5) 


(6a) 


Ty 


Applications 
(See AN-177 for applications) 
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MM74C908 


we ee ee em oe oe 


OUTPUT B 


Rip 


Vt 

TL/F/5912-6 
For example, let Vcc = 15V, Ria = 10029, Rug = 100, 
Vi = OV, Ta = 25°C, O03, = 110°C/W, Duty Cycleg = 
50%, Duty Cycleg = 75%. 
Assuming Ron = 112, then: 

Voo- Vi 15 

Ron+ Ria 11 + 100 


Veo — V 
log = —7e — = 135.1 mA 
Ron + Ris 


loa = = 135.1 mA, 


T= Ta + 7.2 Oya [loa2 (Duty Cyclea) + log? (Duty Cycleg)} 
+" T= 0.072 Oa loa? (Duty Cyclea) + lop? (Duty Cycleg)) 
_ 25 + (7.2) (110) [(0.1351)2 (0.5) + (0.1351)2 (0.75)] 
= 1 — (0.072) (110) [(0.1351)2 (0.5) + (0.1351)2 (0.75)] 
Ty = 52.6°C 
and Ron = 9 (Ty — 25) (0.008) + 9 
= 9(52.6 — 25) (0.008) + 9 = 11N 
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National 
Semiconductor 


MM74C911 


4-Digit Expandable Segment Display Controller 


General Description 


The MM74C911 display controller is an interface element 
with memory that drives a 4-digit, 8-segment LED display. 
The MM74C911 allows individual control of any segment in 
the 4-digit display. The number of segments per digit can be 
expanded without any external components. For example, 
two MM74C911’s can be cascaded to drive a 16-segment 
alpha-numeric display. 

The display controllers receive data information through 8 
data lines a, b ... DP, and digit information through 2 ad- 
dress inputs K1 and K2. The input data is written into the 
register selected by the address information when CHIP 
ENABLE, CE, and WRITE ENABLE, WE, are low and is 
latched when either CE or WE return high. Data hold time is 
not required. 

A self-contained internal oscillator sequentially presents the 
stored data to high drive (100 mA typ.) TRI-STATE® output 
drivers which directly drive the LED display. The drivers are 
active when the control pin labeled SEGMENT OUTPUT 
ENABLE, SOE, is low and go into TRISTATE when SOE is 
high. This feature allows for duty cycle brightness control, or 
for disabling the output drive for power conservation. 


Connection Diagram 


Dual-in-Line Package 


oon nn. WH = 


TL/F/5915-1 
Top View 


Order Number MM74C911* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


The digit outputs directly drive the base of the digit transis- 
tor when the control pin labeled DIGIT INPUT OUTPUT, 
BIO, is low. When DIO is high, the digit lines turn into inputs 
and the internal scanning multiplexer is disabled. 

When any digit line is forced high by an external device, 
usually another MM74C911, the data information for that 
digit is presented to the output. In this manner, 16-segment 
alpha-numeric displays, 24- or 32-segment displays, or an 
array of discrete LED’s can be controlled by the simple cas- 
cading of expandable segment display controllers. All inputs 
except digit inputs are TTL compatible and do. not clamp 
input voltages above Vcc. 


Features 

m Direct segment drive (100 mA typ.) TRI-STATE 

m 4 registers addressed like RAM 

g Internal oscillator and scanning circuit 

m Direct base drive to digit transistor 

mw Segment expandability without external components 
mw TTL compatible inputs 

m Power saver mode—5 pW (typ.) 


Truth Tables 


Input Control 


Digit 
Address Operation 


Write Digit 1 
Latch Digit 1 
Write Digit 2 
Latch Digit 2 
Write Digit 3 
Latch Digit 3 
Write Digit 4 
Latch Digit 4 
Disable Writing 


seccooee| 


Kem e ae sO O00 
<x~—-~—- OO; $+ OO 
<x-oO-OoO-0+-0 


Output Control 


Operation 


Refresh Display 

Disable Segment Outputs 
Digits Are Now Inputs 
Display Digit 1 

Display Digit 2 

Display Digit 3 

Display Digit 4 

Power Saver Mode 


Bio | soe} oe er Lines 
|b4| 3 | D2 D1| 

0 0 RiR] R 

0 

1 

1 

1 

1 

1 

1 


o- 00007 
ooo+-o0o07 





R = Refresh (digit lines sequentially pulsed) 
X = Don’t Care 
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Absolute Maximum Ratings (notes 1 & 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Voltage at Any Pin except Inputs —0.3V to Voc + 0.3V 
Voltage at Any Input except Digits —0.3V to +15V 
Operating Temperature Range, (Ta) —40°C to + 85°C 


—65°C to + 150°C 

Refer to Poymax) VS Ta Graph 
3V to 6V 

6.5V 


Storage Temperature Range 
Power Dissipation (Pp) 
Operating Vcc Range 
Absolute Maximum Vcc 


Lead Temperature 


(Soldering, 10 seconds) 260°C 


DC Electrical Characteristics Min/Max timits apply at — 40°C < Ty < +885°C, unless otherwise noted 


| Parameter | Conditions, | min__ | typ | Max _| 


Logical “1” Input Voltage 


Logical ‘O” Input Voltage 


Logical “1” Input Current 


(ee ee (en (| 
oe ee 


es a EE 


Voo=8V.Vn=tev | | o005 | 1.0 
Logical “0” Input Current Vcc = 5V, Vin = OV 


| =10 | -0005 | 


Supply Current (Normal) Vcc = 5V, Outputs Open ee ee ee 


Supply Current (Power Saver) 


Vo = 5V 
Vo = OV 


TRI-STATE Output Current 


Logical ‘1” Input Voltage 


High Level Segment Current 
Ty = 25°C 


Voc = 5V, SOE, DIO = “1”, 
D1, D2, D3, D4 = “0” 


Ty = 100°C 


High Level Digit Current 
Ty = 25°C 


Ty = 100°C 
Voc = 5V, Vo = 1V 


Ty = 25°C 


Ty = 100°C 


Logical “1” Output Voltage, 
Any Digit 


VouT(1) 


Logical ‘‘0” Output Voltage, 
Any Output 


Thermal Resistance | (Notes) sd 3) 


VouT(0) 


Note 1: “ 


0.03 10 
—10 —0.03 


Voo = 475V es a ee 
Logical “0” Input Voltage Voc = 4.75V 


Voc = 5V, Vo = 3.4V 


Voc = 5V, Vo = 3V 





‘Absolute Maximum Ratings” are those values beyond which the aie of the device cannot be = se aete for‘ 2 ia Range”, they are not 


meant to imply that the device should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All voltage reference to ground. 


Note 3: 6), measured in free-air with device soldered into printed circuit board. 
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AC Electrical Characteristics* Voc = 5v,t, = t = 20ns, C, = 50 pF 


Symbol 


tcw 
taw 
tww 
tow 
two 
twa 
twe 


tiy, tow Logical ‘*1”, Logical ‘‘0” Levels into TRI-STATE 


TRI-STATE to Logical ‘'1” or 
Logical ‘‘0” Levels 


tH1, tuo 


to1, too Propagation Delay from Digit Input to 
Segment Output 


Interdigit Blanking Time 


faux Multiplex Scan Frequency 


Cin Input | InputCapaciance = sd 


peo =| nes) 
| TRISTATE OutputCapacitance | Noto) | Tg 80_| 


*AC Parameters are guaranteed by DC correlated testing. 


Court 
Note 4: Capacitance guaranteed by periodic testing. 


Switching Time Waveforms 


Write Data Waveforms 


V 
appress °° 


K1,K2 { ss ADDRESS VALID. =} VALID 


R= 10k, C= 10 pF 
Ty = 25°C 

Ty = 125°C 

R= 10k, C_= 10 pF 
Ty = 25°C 

Ty = 125°C 

Ty = 25°C 

Ty = 125°C 

Ty = 25°C 

Ty = 125°C 

Ty = 25°C 

Ty = 125°C 


(Note 4) 


TRI-STATE Waveforms 


SOE OR 


is: . 
e SEGMENT 


OR DIGIT 
OUTPUTS 


SOE OR 
d10 


SEGMENT 
OR DIGIT 
OUTPUTS 


TL/F/5915-2 
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10% TRI = STATE 


50% 
GND 


Vy ty 
OH 
Ls TRI~ STATE 


GND 


* 
SW eeeaeees 


TL/F/5915-3 





Switching Time Waveforms (Continued) 


Multiplexing Output Waveforms 


ee 


—|ty = 


DIGIT N+ 1 | | 
—_— 


T=1/fmux 


TL/F/5915~4 


Read Data Waveforms 


y 
ANY Dict 


(NOTE 1) 


Voc 
GND 


ANY SEGMENT 


Note 1: All other digit lines are at a low level. DIO at a high level. 


Functional Description 


The MM74C911 display controller is manufactured on stan- 
dard metal gate CMOS technology. A single 5V 74 series 
TTL supply can be used for power and should be bypassed 
at the Voc pin to suppress current transients. 


The digit outputs directly drive the base of a grounded emit- 
ter digit transistor without the need of a Darlington configu- 
ration. If an MM74C911 is driving a digit transistor and also 
supplying digit information to a cascaded MM74C911, base 
resistors are needed in the digit transistors to provide an 
adequate high level to the digit inputs of the cascaded 
MM74C911. 


As seen in the block diagram, these display controllers con- 
tain four 8-bit registers; any one may be randomly written 


Block Diagram 


WE 


aK 
B= 


Al 


DATA 
BUFFERS Lit 


Va w~eand we 


o 


ee Te 
iF ee | 


siete 


8 = BIT INPUT pa 
NPN 
INPUT SEGMENT 


5, *& 


DATA VALID 


TL/F/5915-5 


into. In normal operation, the internal multiplexer scans the 
registers and refreshes the display. In cascaded operation, 
1 MM74C911 serves as a master refresh device and cas- 
caded MM74C911’s are slaved to it through digit lines oper- 
ating as inputs. 

The MM74C911 appears to a microprocessor as memory 
and to the user as a self-scan display. Since every segment 
is under microprocessor control, great versatility is obtained. 
Low power standby operation occurs with both SOE and 
DIO inputs high. This condition forces the MM74C911 to a 
quiescent state typically drawing less than 1 »A of supply 
current with a standby supply voltage as low as 3V. 


es DRIVER 
pels 
8=BIT OUTPUT BUS 


DIGIT 
MUX 
& 
DIGIT 
SELECT 


TL/F/5915-6 





8L60PZWIN/8060PZINN 


MM74C908/MM74C918 


Typical Performance Characteristics 


Isource SEGMENT OUTPUT (mA) 
Igource ~ DIGIT OUTPUT (mA) 











Power Dissipation vs 
Temperature for 
Plastic Packages 


0.50 


PACKAGE DISSIPATION (W) 


0.25 





0 
“0-2 0 2 50 75 100 125 


AMBIENT TEMPERATURE (°C) 











AVERAGE SEGMENT CURRENT (mA) 


SEGMENT RESISTOR (OHMS) 


Power Dissipation vs 
Temperature for 
Ceramic Packages 


PACKAGE DISSIPATION (W) 








“50-25 0 








2 50 75 100 125 


AMBIENT TEMPERATURE (°C) 


Note 1: Segment outputs if shorted to ground will exceed maximum power dissipation of the device. 


Note 2: Voce is the saturation voltage of the digit drive transistor. 


Applications 


Segment Output Structure 
Voc 


CONTROLLED SEGMENT 
SOE OUTPUT 


er 


TL/F/5915-8 


Input Protection 


ANY 
INPUT a 


TL/F/5915-9 


6-182 


CONTROLLED 
BY DIO 


TO DIGIT 
SELECT 


Digit Output Structure 


Yec 


TL/F/5915~7 


DIGIT 
OUTPUT 


TL/F/5915~10 





Applications (Continued) 


CONTROL 
INPUT 


TO OTHER 
CASCADED 
MM74C911'S 


SEGMENT 
INPUT 


MM74€911 


Vee 


ADDRESS AND 
CONTROL BUS 


0M8131 


Segment Expansion 


MASTER 
CONTROLLER 


R&3302 


TO BASE OF 
DIGIT TRANSISTORS 


SLAVE 
CONTROLLER 


TL/F/5915-11 


(2) NSN781 COMMON CATHODE 


Oo 
re 


H 


OPTIONAL ADDRESS 
DECODER 


JUMPERS 


*Base resistors may be necessary to limit base current. 
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Applications (Continued) 


ADDRESS AND 
CONTROL BUS 


4-Digit, 16-Segment Alpha-Numeric Display 


T @ 


i=] 
o 


AA TFVT_.-Qa *~ oO 2A 


MM74C911 


o 
ao 
an 


DIO 


CEI 
pet 


DMB136 
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RA08 = 047N 
LIMIT 
RESISTORS 


HOSP = 6504 
ALPHA = 
NUMERIC 
DISPLAY 


RAO8 = 047N 
LIMIT 
RESISTORS 


DN74LS00 


OPTIONAL ADDRESS 
DECODER VIA JUMPERS 


TL/F/5915-13 


TL/F/5915-14 
Segment 
Identification 





National 
Semiconductor 


MM74C912 6-Digit BCD Display Controller/Driver 
MM74C917 6-Digit Hex Display Controller/Driver 


General Description 


The MM74C912, MM74C917 display controllers are inter- 
face elements, with memory, that drive a 6-digit, 8-seqment 
LED display. 

The display controllers receive data information through 5 
data inputs A, B, C, D and DP, and digit information through 
3 address inputs K1, K2 and K3. 


The input data is written into the register selected by the 
address information when CHIP ENABLE, CE, and WRITE 
ENABLE, WE, are low and is latched when either CE or WE 
return high. Data hold time is not required. A self-contained 
internal oscillator sequentially presents the stored data toa 
decoder where 4 data bits control the format of the dis- 
played character and 1 bit controls the decimal point. The 
internal oscillator is controlled by a contro! input labeled 
OSCILLATOR ENABLE, OSE, which is tied low in normal 
operation. A high level at OSE prevents automatic refresh of 
the display. 


The 7-segment plus decimal point output information direct- 
ly drives an LED display through high drive (100 mA typ.) 


Connection Diagram 


Dual-In-Line Package 


oOanr rmnmonknrk Ww] NH = 


TL/F/5916-1 
Top View 


Order Number MM74C912* or MM74C917* 


*Please look into Section 8, Appendix D 
for availability of various package types. 


output drivers. The drivers are active when the control pin 
labeled SEGMENT OUTPUT ENABLE, SOE, is low and go 
into TRI-STATE® when SOE is high. This feature allows for 
duty cycle brightness control and for disabling the output 
drivers for power conservation. 


The MM74C912 segment decoder converts BCD data into 
7-segment format. The MM74C917 converts binary data 
into hex format. 


All inputs are TTL compatible and do not clamp to the Voc 
supply. 


Features | 

m Direct segment drive (100 mA typ.) TRI-STATE 
™ 6 registers addressed like RAM 

g Internal oscillator and scanning circuit 

m Direct base drive to digit transistor (20 mA typ.) 
@ Internal segment decoder 

m TTL compatible inputs 


Truth Tables 


Input Control 


0 0 Write Digit 1 
Latch Digit 1 
Write Digit 2 
Latch Digit 2 
Write Digit 3 
Latch Digit 3 
Write Digit 4 
Latch Digit 4 
Write Digit 5 
Latch Digit 5 
Write Digit 6 
Latch Digit 6 
Write Null Digit 
Latch Null Digit 
Write Null Digit 
Latch Null Digit 
Disable Writing 


=-o000000000000000 
> i en nn eloko la keolok~) 
Kee eH BH OOOOH H=34000 
xa 200++;00==300-==-00 
x#O-07-0=-0-0-0-0-0 


X = Don't Care 


Output Control 


| SOE | OSE | Operation 


Refresh Display 


Stop Oscillator* 
Disable Segment Outputs 
Standby Mode 





*Segment drive may exceed maximum display dissipation. 
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Absolute Maximum Ratings (notes 1 ang 2) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Voltage at Any Pin Except Inputs —0.3V to Voc + 0.3V 
Voltage at Any Input —~0.3V to +15V 
Operating Temperature Range (Ta) —40°C to + 85°C 
Storage Temperature Range (Ts) —65°C to + 150°C 


Power Dissipation (Pp) 
Operating Vcc Range 
Absolute Maximum (Vcc) 


Lead Temperature 
(Soldering, 10 seconds) 


Refer to Pp max VS Ta Graph 
3V to 6V 
6.5V 


260°C 


DC Electrical Characteristics min/Max limits apply at 40°C < Ty < 85°C, unless otherwise noted 


Symbol _| Parameter |___—Conaiitions_— | win] typ | Max | Units 


CMOS TO CMOS 
Logical ‘‘1”’ Input Voltage 


[von | to | 


Logical “1” Input Current 


Logical “‘0” Input Current 


Supply Current Vcc = 5V, Outputs Open ees ae 


TRI-STATE 

Output Current : 
CMOS/LPTTL INTERFACE 

Logical ‘1” Input Voltage 


Voc = 5V, Vo = 5V 
Voc = 5V, Vo = OV 


0.03 
—0.03 





OUTPUT DRIVE 


High Level 
Segment Current Ty = 25°C 
Ty = 100°C 
High Level 
Digit Current Ty = 26°C 
Ty = 100°C 
VouT(1) Logical “1” Output Voltage 
‘Any Digit 
Logical ‘‘O0” Output Voltage 
Any Digit 


Thermal Resistance | (Notes) 3) . 


VouTi(o) 


Voc = 5V, Vo = 3.4V 


Voc = 5V, Vo = 1V 


AC ——rrerevr Characteristics* Vcc = 5V, t, = ts = 20ns, C, = 50 pF 


| ss Parameter | 


Chip Enable to Write 
Enable Setup Time 


1 = 25°C 
= 125°C 


Address to Write =e = 25°C 
Enable Setup Time Ty = 125°C 


Write Enable Width 


Ty = 25°C 


Ty = 125°C 
Data to Write Enable Ty = 25°C 390 
Setup Time Ty = 125°C ‘430 
Write Enable to Data Ty = 26°C —-10 
Hold Time Ty = 125°C —15 
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AC Electrical Characteristics® vcc = 5v, t, = t} = 20 ns, CL = 50 pF (Continued) 


Conditions 
Write Enable to Address Ty = 25°C 
Hold Time Ty = 125°C 
Write Enable to Chip Enable Ty = 25°C 50 
Hold Time Ty = 125°C 75 


Logical ‘‘1"’, Logical ‘‘0” Ry = 10k, Ty = 25°C 


Levels into TRI-STATE Cy = 10 pF, Ty = 125°C 


TRI-STATE to Logical “1” to Ry = 10k, Ty = 25°C 
Logical “‘0” Level CL = 50pF, Ty = 125°C 


Interdigit Blanking Time Ty = 25°C 
Ty = 125°C 

Multiplex Scan Frequency Ty = 25°C 
Ty = 125°C 


Input Capacitance (Note 4) 


TRISTATE Output Capacitance | (Note 4) ee ee 


*AC Parameters are guaranteed by OC correlated testing. 
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Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Range” they are not 
meant to imply that the device should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: All voltages reference to ground. 
Note 3: 634 measured in free air with device soldered into printed circuit board. 
Note 4:Capacitance is guaranteed by periodic testing. 


Switching Time Waveforms 
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MM74C912/MM74C917 


Functional Description 


Character Font 


won bel] MelZIYSI6! WBS AIB CIDE FF 
Limes boll IFIMIS6! Nol |-|_| |. 


OUTPUT ENABLE SOE 
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Segment Identification 


By) 
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The MM74C912, MM74C917 display controllers are manu- 
factured using metal gate CMOS technology. A single 5V 
74 series TTL supply can be used for power and should be 
bypassed at the Vcc pin. 


As seen in the block diagram, these display controllers con- 
tain six 5-bit registers; any one of which may be randomly 
written. The internal multiplexer scans the registers and re- 
freshes the display. This combination of write only memory 


and self-scan display makes the display controller a “re- 


All inputs are TTL compatible; the segment outputs drive : ; : 
freshing experience” for an over-burdened microprocessor. 


the LED display directly through current limiting resistors. 
The digit outputs are designed to directly drive the base of a 
grounded emitter digit transistor without the need of a Dar- 
lington configuration. 


Block Diagram 
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Typical Performance Characteristics 


Isy V8 Vout , IpH VS Vout lave VS Rum 


0 = y 
cic o| | A 
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ZL6DPZININ/ZL60PZININ 


source SEGMENT OUTPUT (mA) 
Isqugce~ DIGIT OUTPUT (mA) 


AVERAGE SEGMENT CURRENT (mA) 


SEGMENT RESISTOR (OHMS) 


Power Dissipation vs. Power Dissipation vs. 
Temperature for Temperature for 
ye Plastic Packages es Ceramic Packages 


050 


PACKAGE DISSIPATION (W) 
PACKAGE DISSIPATION (W) 


0.25 


0 
30-35 0 2 SO 7 100 125 


AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 


Note 1: Segment outputs if shorted to ground will exceed maximum power dissipation of the device. TE Ernie 3 
Note 2: Vce is the saturation voltage of the digit drive transistor. 


Typical Applications 
Digit Output Structure Segment Output Structure 
Vec 
Rg 
TO DIGIT 


MULTIPLEXER TO TRI= STATE® SEGMENT 
CIRCUIT OUTPUT 


o—_—_ 
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Input Protection 
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MM74C912/MM74C917 


Typical Application 
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National 
Semiconductor 


MM74C925, MM74C926, MM74C927, MM74C928 
4-Digit Counters with Multiplexed 
7-Segment Output Drivers 


General Description 


These CMOS counters consist of a 4-digit counter, an inter- 
na! output latch, NPN output sourcing drivers for a 7-seg- 
ment display, and an internal multiplexing circuitry with four 
multiplexing outputs. The multiplexing circuit has its own 
free-running oscillator, and requires no external clock. The 
counters advance on negative edge of clock. A high signal 
on the Reset input will reset the counter to zero, and reset 
the carry-out low. A low signal on the Latch Enable input will 
latch the number in the counters into the internal output 
latches. A high signal on Display Select input will select the 
number in the counter to be displayed; a low level signal on 
the Display Select will select the number in the output latch 
to be displayed. 

The MM74C925 is a 4-decade counter and has Latch En- 
able, Clock and Reset inputs. 

The MM74C926 is like the MM74C925 except that it has a 
display select and a carry-out used for cascading counters. 
The carry-out signal goes high at 6000, goes back low at 
0000. 

The MM74C927 is like the MM74C926 except the second 
most significant digit divides by 6 rather than 10. Thus, if the 
clock input frequency is 10 Hz, the display would read 
tenths of seconds and minutes (i.e., 9:59.9). 

The MM74C928 is like the MM74C926 except the most sig- 
nificant digit divides by 2 rather than 10 and the carry-out is 


Connection Diagrams 


Dual-In-Line Package 


a RESET CLOCK Dour Cour 


p= LATCH «Agu; = Bour-~—Ss GND 
ENABLE 


TL/F/5919-1 
Top View 


Order Number MM74C925* 


an overflow indicator which is high at 2000, and it goes back 
low only when the counter is reset. Thus, this is a 314-digit 
counter. 


Features 

@ Wide supply voltage range 3V to 6V 

m Guaranteed noise margin 1V 

High noise immunity 0.45 Vcc (typ.) 

mw High segment sourcing current 40 mA 
@ Voc — 1.6V, Veo = 5V 

@ Internal multiplexing circuitry 


Design Considerations 


Segment resistors are desirable to minimize power dissipa- 
tion and chip heating. The DS75492 serves as a good digit 
driver when it is desired to drive bright displays. When using 
this driver with a 5V supply at room temperature, the display 
can be driven without segment resistors to full illumination. 
The user must use caution in this mode however, to prevent 
overheating of the device by using too high a supply voltage 
or by operating at high ambient temperatures. 

The input protection circuitry consists of a series resistor, 
and a diode to ground. Thus input signals exceeding Voc 
will not be clamped. This input signal should not be allowed 
to exceed 15V. 


Dual-In-Line Package 


CARRY 
QUT RESET CLOCK Dour 


g LATCH DISPLAY Agur Bour 
ENABLE SELECT 


TL/F/5919-2 
Top View 


Order Number MM74C926*, 
MM74C927* or MM74C928* 


*Please look into Section 8, Appendix D for availability of various package types. 
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8260 PZIWIN/Z269PZWIN/9260PZNIN/S260PZWWN 


MM74C925/MM74C926/MM74C927/MM74C928 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Storage Temperature Range —65°C to + 150°C 
contact the National Semiconductor Sales Office/ Power Dissipation (Pp) Refer to Po(max) Vs Ta Graph 


Distributors for availability and specifications. Operating Voc Range 3V to 6V 
Voltage at Any Output Pin GND — 0.3V to Vocg + 0.3V Voc 6.5V 


voltage at Any Input Pin GND — 0.3V to + 15V Lead Temperature 
Operating Temperature (Soldering, 10 seconds) 260°C 
Range (Ta) —40°C to + 85°C 


DC Electrical Characteristics min/Max limits apply at —40°C < Tj < +85°C, unless otherwise noted 


CMOS TO CMOS 
Logical 1” Input Voltage 
Logical “0” Input Voltage 


Vour(1) | Logical “1” Output Voltage 
(Carry-Out and Digit Output 
Only) 


Vout(o) | Logical “0” Output Voltage 


Logical “1” Input Current Voc = 5V, Vin = 15V 


Logical ‘‘O” Input Current Voc = 5V, Vin = OV 


Supply Current Voc = 5V, Outputs Open Circuit, 
Vin = OV or 5V 


CMOS/LPTTL INTERFACE 


Logical “1” Input Voltage Voc = 4.75V PVoo-2] | 
Logical ‘0” Input Voltage Voc = 4.75V a aaa 


Vour(1) | Logical “1” Output Voltage Voc = 4.75V, | ; 


(Carry-Out and Digit lo = —360 pA 
Output Only) 


Vour(o) | Logical “0” Output Voltage Voc = 4.75V, lo = 360 pA 


OUTPUT DRIVE 
Output Voltage (Segment lout = —65 mA, Vcc = SV, Tj = 25°C 





Sourcing Output) Tj = 100°C 


lout = —40 mA, Voc ae 5V Tj = 150°C 


Output Resistance (Segment lout = —65 mA, Vcc = SV, Tj = 25°C 

Sourcing Output) at _ Tj = 100°C 
lout = —40 mA, Voc = 5V T; = 150°C 

Output Resistance (Segment 

Output) Temperature Coefficient 


Isounce | Output Source Current Voc = 4.75V, Vout = 1.75V, Tj = 150°C 
(Digit Output) 


Voc = 5V, Vout = OV, Tj = 25° 
Voc = 5V, Vout = Vee, Tj = 25°C 


MM74C925 (Note 4) 
MM74C926, MM74C927, MM74C928 
Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 


they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
AN-90, 


Note 4: 6j4 measured in free-air with device soldered into printed circuit board. 
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AC Electrical Characteristics* 1, = 25°c, c, = 50 pF, unless otherwise noted 


symbol | Parameter |_—Conitions, | min | Typ _| Max | Units 


{MAX Maximum Clock Frequency Vec = 5V, Tj = 25°C - MHz 
i Wave Clock Tj = 100°C MHz 


tr, ty Maximum | Maximum Clock Rise or Fall Time _| Rise or Fall Time lVo=5V0Oi‘“CS™SC‘*d = 5V pf ts 


twa Reset Pulse Width Voc = 5V = 25°C 100 
a = 100°C 125 
tWLE Latch Enable Pulse Width Voc = 5V = 25°C 100 
ne = 100°C 125 
tseT(CK, LE) | Clock to Latch Enable Set-Up Time Voc = 5V = 25°C 2500 1250 
u = 100°C 3200 1600 
tLr Latch Enable to Reset Wait Time Voc = 5V = 25°C 
; = 100°C 
tSET(R, LE) Reset to Latch Enable Set-Up Time | Vcc = 5V = 25°C 
: = 100°C 


fwux | Multiplexing Output Frequency | 1000 Fo | 


Cin Input Capacitance Any Input (Note 2) — e+ 


*AC Parameters are guaranteed by DC correlated testing. 


82607 ZINW/Z7260PZININ/9260PZIW/S260P ZW 


Functional Description 

Reset — Asynchronous, active high Segment Output — Current sourcing with 40 MA @Vout = 

Display Select — High, displays output of counter Voc — 1.6V (typ.) Also, sink capability 
Low, displays output of latch = 2LTTL loads 


Latch Enable © — High, flow through condition Digit Output == — Current sourcing with 1 mA @VouT = 
Low, latch condition 1.75V. Also, sink capability = 2 LTTL 
loads 


Clock — Negative edge sensitive 
Carry-Out — 2LTTL loads. See carry-out waveforms. 


Typical Performance Characteristics 


Typical Average Segment 
Typical Segment Current Maximum Power Dissipation Current vs Segment 
: vs Output Voltage : vs Ambient Temperature »» Resistor Value 


TYPICAL Isource (SEGMENT OUTPUT) (mA) 
Pomaxy — MAXIMUM POWER DISSIPATION (mW) 
TYPICAL AVERAGE SEGMENT CURRENT (mA) 


0 
30 ©6020 ~40 -20 0 20 40 60 80 100 
Vour (V) T, — AMBIENT TEMPERATURE (°C) SEGMENT RESISTOR (2) 


TL/F/5919-3 
Note: Vp = Voltage across digit driver 
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MM74C925/MM74C926/MM74C927/MM74C928 


Logic and Block Diagrams 
MM74C925 


LATCH 4-BIT 4-BIT 4-BIT 4-BIT 
ENABLE * LATCH LATCH LATCH LATCH 
ete 


MULTIPLEXER 


MM74C926 
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DISPLAY 
SELECT 


MULTIPLEXER 


MM74C927 


4~-6IT 4-BiT 4-BiIT 
LATCH LATCH LATCH 
a 


MULTIPLEXER 
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BCD TO 7- SEGMENT DECODER 8CD TO 7= SEGMENT DECODER BCD TO 7=SEGMENT DECODER 
AND DRIVERS - AND ORIVERS AND DRIVERS 


BCD TO 7=SEGMENT DECODER 


AND DRIVERS 


TL/F/5919-4 


TL/F/5919-5 


TL/F/5919-6 
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Logic and Block Diagrams (continueq) 


Segment Output Driver 
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Common Cathode LED Display 
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Switching Time Waveforms 


Input Waveforms 
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Input Protection 


Vec 


TL/F/5919-9 


Segment Identification 
91234 
56 789 


TL/F/5919-10 
TL/F/5919-11 


Multiplexing Output Waveforms 
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MM74C925/MM74C926/MM74C927/MM74C928 


Switching Time Waveforms (continued) 


Carry-Out Waveforms 
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National - 
Semiconductor 


PRELIMINARY 


MM74C945, MM74C947 4-Digit Up/Down 
Counter/Latch/Decoder Driver 


General Description 


The MM74C945, MM74C947 are 4-digit counters for directly 
driving LCD displays. The MM74C945 contains a 4-decade 


up/down counter, output latches, counter/latch select mul-. 


tiplexer and 7-segment decoders. Also included are the 
backplane oscillator/driver, segment drivers and display 
blanking circuitry. 

The MM74C947 differs from the MM74C945 in that it has no 
counter/latch multiplexer, but provides true leading zero 
blanking. All leading zeroes are automatically blanked ex- 
cept the least significant digit, which can be optionally 
blanked. 

Both devices provide 28-segment outputs to drive a 4-digit 
display. Segment and backplane waveforms are generated 
internally, but can also be slaved to an external signal. This 
facilitates cascading of multiple displays. 


Connection Diagrams 


Dual-In-Line Package 


BACKPLANE 
A2 
B2 
c2 RESET 
02 CLOCK 
£2 ENABLE 
G2 BLANKING 
F2 SELECT 
A3 CARRY 
B3 UP/DOWN 
C3 
D3 
E3 
G3 
F3 
Aa 


TL/F/5098-1 
Top View 


Order Number MM74C945* 


Features 

m@ 4-decade up/down count 

@ Direct 4-digit drive for high contrast and long display life 

@ Carry/borrow out for cascading counters 

m= Schmitt trigger clock input 

m MM74C945 has display select to allow viewing of coun- 
ter or latch 

m@ Store and reset inputs allow operation as frequency or 
period counter 

m™ MM74C947 has true ripple blanking; least significant 
digit may be optionally blanked 


Dual-In-Line Package 


Vec 
Et 
G1 
FI 

BACKPLANE OSCILLATOR 

A2 GND 
B2 STORE 
2 RESET 
D2 CLOCK 
E2 ENABLE 
G2 LEADING ZERO OUTPUT (LZ0) 
F2 LEADING ZERO INPUT (LZ1) 
A3 CARRY 
B3 UP/DOWN 
C3 
D3 
E3 
G3 
Fa 
Aa 


TL/F/5098-2 
Top View 


Order Number MM74C947* 


*Please look into Section 8, Appendix D for availability of various package types. 
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Lp60PZWW/SP60PZWN 





MM74C945/MM74C947 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


—0.3V to Voc +0.3V 


Voltage at Any Pin 
Operating Temperature Range (Ta) 


MM74C945/MM74C947 — 40°C to + 85°C 


Storage Temperature Range (Ts) —65°C to + 150°C 
Power Dissipation (Pp) 500 mW 
Operating Vcc Range 3.0V to 6.0V 
Absolute Maximum Voc 6.5V 


Lead Temperature (T,) 
(Soldering, 10 seconds) 300°C 


DC Electrical Characteristics Min/Max limits apply across temperature range, unless otherwise noted 


Parameter 
CMOS TO CMOS 


Vr+ Positive Going Threshold 
Voltage (Clock Only) 


Vr— Negative Going Threshold 
Voltage (Clock Only) 


Hysteresis (V7+ — Vr_) 
(Clock Only) 


Logical “1” Input Voltage (Vinv4)) 
Logical “0” Input Voltage (Vino) 


Logical “1” Output Voltage 
(VouT(1)) (LZO and Carry) 


Logical ‘‘0”’ Output Voltage 
(VouTio)) (LZO and Carry) 


Clock Input Current |I;x| 


Input Current @ Pins 29, 31, 33 
and 34 (Note 2) 


Oscillator Input Current (IosL) 
Supply Current (Icc) (Note 3) 


Oscillator Input Voltage When Driving Oscillator 
VIH (OSC) Pin with External 
Vit (OSC Signal 


DC Offset Voltage (Note 4) 
CMOS/LPTTL INTERFACE 

Logical “0” Output Voltage ” mn 

(Vouti) (LZO and Carry) Voc = 4.75V, lo = 360 pA 0.4 


OUTPUT DRIVE (Short Circuit Current) 


| Conditions | Min | typ | Max | Units 


Le es 


ee (eee | el, 
ee a 


Megs Nig = OC ae 


Vec=5V.Vin=owsv | | tt | 10.0 
Veo=5V.Vin=owsv | | ttc 


(Vin(1)) 


Logical “0” Input Voltage 
(Vin(oy) 


Logical “1’’ Output Voltage 
(Vout(1)) (LZO and Carry) 





Output Source Current 
(Isource) (LZO and Carry) 
Output Sink Current 

(Isink) (LZO and Carry) 
Output Source Current 
(lsourcE) (Segment Outputs) 
Output Sink Current 

(Isink) (Segment Output) 
Output Source Current 
(Isournce) (Backplane Output) 


Output Sink Current 
(ISINK) (Backplane Output) 


Voc = 5V, VouT = OV 
Ta = 25°C 

Voc = 5V, Vout = 5V 
Ta = 25°C 

Voc = 5V, Vout = OV 
Ta = 25°C 

Voc = 5V, Vout = 5V 
Ta = 25°C 


ate = 5V, Vout = OV 
Ta = 25°C 


Voc = 5V, Vout = 5V 
Ta = 25°C 


Dae 
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AC Electrical Characteristics* Ty = 25°C, CL = 50 pF, unless otherwise specified 


symbol __| __—Parameter__—— | Conditions| Min. | Typ | Max__| Units 
tpaortnat | Propagation Delay Ciocktocary | Veo=sov |_| 375_| 600 ns 
faux | MaximumCtock Frequency | Voo=sov | 2 | 3 | | 
tat | Glock Input Rise orFallTime | Voo=sov | || Notimit_ | Me 
tw | Reset Pulsewith | Voo= sev | tao | azo | ns 
tws | StorePulsewith | Voo=sov | t50 | eo | ns 
tsucKs) | ClocktoStoreSetuptime | Voo=sov__ | s00 | 270_| ns 
ts | StoretoResetWaittime | Voo=sov | 280 | io | | ns 
tsu (0K ns 
tar ns 


tsu (U/D, CK Up/Down to Clock Set-Up Time Voc = 5.0V 300 1 | ns 


fgp Backplane Output Frequency Pin 36 Floating, Hz 
Vcc = 5.0V 


Cin Input Capacitance Logic Inputs (Note 2) ran i pF 


trts Segment Rise/Fall Time Cload = 200 pF od ps 
tet Backplane Rise/Fall time Cload = 5000 pF ioe. ‘ pS 


fose Oscillator Frequency Pin 36 Floating, Riis 
Voc = 5.0V 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed, Except for “Operating Range” they are not 
meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 


Note 2: Does not apply to backplane and oscillator pins. 
Note 3: Display blanked. See Test Circuit. 
Note 4: DC offset voltage is the effective DC voltage the LCD will have between any segment and the backplane. 


ZV6DPZINW/SP60PZANW 


AC Waveforms 
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MM74C945/MM74C947 


Typical Characteristics 


Backplane Frequency Backplane Frequency Operating Supply Current 
as a Function of as a Function of (Iss) as a Function of 
Supply Voltage Oscillator Capacitor (Cosc) y Supply Voltage (Vpp) 


fpp—BACKPLANE FREQUENCY (Hz) 
fep—BACKPLANE FREQUENCY (Hz) 


0 50 


TL/F/5098-4 


Test Circuit 


MM74C945 
MM74C947 


eae ees 


TL/F/5098-7 
*Each segment to backlane with 200 pF capacitor. 


Iss-—SUPPLY CURRENT (A) 


100 150 200 
Vop—SUPPLY VOLTAGE (V) Cosc—OSCILLATOR CAPACITANCE (pF) Vpp—SUPPLY VOLTAGE (V) 
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TL/F/5098-5 TL/F/5098-6 


Segment Identification 


a 
ao 
f b 
g 


he =2 e 3 
e c 
d 
P| 


TL/F/5098~8 


Timing Diagrams 
Carry Out Timing (Up Mode) 


CARRY 
COUNT | 9997 | 9998 | 9999 | 0000 


TL/F/5098-9 


Carry Out Timing (Down Mode) 


CARRY | | | 


coun | 0002 | 0001 | 0000 | 9999 | 


TL/F/5098-10 





Block Diagrams 


OIGIT 1 (LSD) 
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MM74C947 
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OIGIT 3 DIGIT 4 (MSD) 
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MM74C945/MM74C947 


Pin Description 

Backplane In/Out—When the oscillator input is grounded 
this pin is an input allowing an external device to generate a 
backplane waveform. When the oscillator input is left open 
this pin is an output supplying backplane drive for the dis- 
play. 

Oscillator—The oscillator frequency may be lowered by ty- 
ing a capacitor (Cogc) to this pin. On the MM74C947, when 
the oscillator pin is open, the LSD is inhibited from blanking 
when leading zero blanking is enabled. If this pin is ground- 
ed, the backplanes on both parts become inputs, slaving the 
device to an external backplane. 

Store—This input controls the on-chip latches. When low, 
the latches are in flow-through mode (latch outputs follow 
counter), but when taken high, the data on the counter out- 
puts are stored in the latches. 

Reset—When low, counters are reset to zero. 
Clock—Advances counters on negative edge. 
Enable—When low, halts counter operation. 

Leading Zero Input (LZI)}—(MM74C947) When high, en- 
ables leading zero blanking. 

Leading Zero Output (LZO)—(MM74C947) This output 
goes high when the latch contents equal zero, LZI is high 
and the oscillator pin is open. 

Blanking—(MM74C945) When high, blanks display. 
Select—(MM74C945) When high, the contents of the coun- 
ter are displayed. When low, the contents of the latch are 
displayed. ; 
Carry—This outputs goes high when 9999 is reached (up) 
or 0000 is reached (down). 

Up/Down—When high, the counter counts up. When low, 
the counter counts down. 

A1-G1—Digit 1 segment outputs. 

A2-G2—Digit 2 segment outputs. 

A3-G3—Digit 3 segment outputs. 

A4-G4—Digit 4 segment outputs. 


Application Hints 


DISPLAY CIRCUITRY DESCRIPTION 


The MM74C945 and MM74C947 have 28 segment outputs 
capable of directly driving 4 digits of 7 segments. Both the 
segment and backplane drivers are designed to provide 
matched rise and fall times eliminating possible DC compo- 
nents in the driving waveforms which could degrade display 
life (i.e., DC offset voltage). 


The backplane driver can be disabled by grounding the os- 
cillator pin. This enables the segment output waveforms to 
be synchronized to an external signal applied to the back- 
plane pin. Several devices can then be driven by a single 
master backplane waveform which can be generated by an- 
other MM74C945, MM74C947 or an external oscillator. 
Thus single backplane displays with 8, 12, 16, etc. digits can 
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be driven with several counters. The maximum fanout of a 
master backplane driver is limited by its total capacitive 
load, which is the sum of the slaved backplane input capaci- 
tances and the display backplane capacitance. (The 
MM74C947 oscillator pin controls the least significant digit 
blanking as well.) 


An on-board oscillator/divider generates the segment/ 
backplane waveforms. Its output frequency is typically 
85 Hz, but may be lowered by connecting an external ca- 
pacitor (Cosc) between the oscillator pin and ground. The 
oscillator pin may also be driven by an external waveform 
but the input low level must not go to ground or else the 
backplane pin will be put in the slave (input) mode (see 
Vin(osc) and ViL_(osc) specifications). 


COUNTER CIRCUITRY DESCRIPTION 


The MM74C945, MM74C947 are 4-decade up/down coun- 
ters. The direction of the count is controlled by the up/down 
input. A high level on this pin causes the counter to count 
up. The counter advances on the negative clock edge. The 
carry output is high for one clock period during a count of 
9999 in up mode, or during a count of 0000 in down mode. 
The carry is designed to allow cascading of several circuits 
in either ripple carry or synchronous modes. 


Reset and Enable controls are provided to allow period and 
frequency measurements. The Reset control clears the 
counter when low and the Enable control disables counting 
when taken low. 


The counter chain feeds a series of 4-bit flow-through latch- 
es. These latches enable the display to follow the counter 
when the Store input is low. When the Store pin is taken 
high the data on the counter outputs at this time become 
latched and the display will remain unchanged. (Assuming 
the latch display is selected on MM74C945.) 


On the MM74C945 the latch outputs feed a multiplexer 
which selects either the latch outputs or counter outputs for 
display. This allows an intermediate count to be stored in 
the latches while the counter continues to be displayed. 
This is equivalent to a stopwatch lap feature. 


The output of the MM74C945’s multiplexer feeds a decoder 
which converts 4-bit input to 7-segment outputs. A blanking 
control into these decoders blanks the display. 


On the MM74C947 the latch outputs feed the decoders di- 
rectly, but these decoders have a special ripple blanking 
capability that enables all leading zeroes except the least 
significant digit (LSD) to be blanked, even when counters 
are cascaded. Thus when the entire counter reads zero, 
instead of blanking all digits, the LSD will remain on. (When 
multiple counters are cascaded, all except the least signifi- 
cant counter will blank entirely on zeroes.) This feature is 
properly implemented by configuring the least significant de- 
vice as the master (oscillator pin ungrounded) thereby inhib- 
iting LSD blanking. 

The outputs of the decoders for both devices control the 
segment drivers, which in turn enable display operation. 





Typical Applications 


Ripple Carry Cascading—MM74C945 


a= [=| (= 


CARRY BACKPLANE 


RESET MSD (SLAVE)* 
MM74C945 
STORE 


ABLE CLOCK 
OSCILLATOR SELECT BLANKING 


RESET 
STORE 
COUNT ENABLE 


SELECT 
DISPLAY BLANKING 


BACKPLANE 
LSO (MASTER)* 
MM74C945 


STORE 
CLOCK 


NABLE 
OSCILLATOR SELECT BLANKING 


TL/F/5098-13 


Synchronous Cascading—MM74C945 


Iie 
Heo 


CARRY BACKPLANE 


RESET MSD (SLAVE)* 
MM74C945 
STORE 


CLOCK ENABLE 
OSCILLATOR SELECT BLANKING 


RESET 
STORE 
COUNT 


INPUT SELECT 
OISPLAY BLANKING 


Ripple Cascading—MM74C947 


CARRY BACKPLANE 


RESET MSD (SLAVE)** 
MM74C947 
STORE 


ENABLE 
OSCILLATOR 


STORE 


COUNT ENABLE 
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CARRY 


BACKPLANE 
RESET LSD (MASTER)* 


MM74C945 


STORE 
ENABLE 


CLOCK 
OSCILLATOR SELECT BLANKING COUNT 


ENABLE 


TL/F/5098-14 


CARRY 
BACKPLANE 
RESET LSD (MASTER)** 


MM74C947 
STORE 


ENABLE 
E OSCILLATOR Lz 


TL/F/5098~15 
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MM74C945/MM74C947 


Typical Applications (continued) 
Synchronous Cascading—MM74C947 


CARRY BACKPLANE 


pen BACKPLANE 
RESET MSD (SLAVE)** LSD (MASTER}** 
MM74C947 MM74C947 


STORE 
ENABLE 


CLOCK ENABLE 
OSCILLATOR 20 os! COUNT 


ENABLE 


RESET **To correctly implement leading zero blanking, the 
STORE least significant device must be the master. 
COUNT INPUT 


*Master/slave selection is arbitrary and dependent only on which oscillator pin is grounded. TL/F/5098-16 
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National 
Semiconductor 


MM74C946 
414,-Digit Counter/Decoder/Driver 
for LCD Displays 


General Description 


The MM74C946 is a 414-digit CMOS counter which contains 
a counter chain, decoders, output latches, LCD segment 
drivers, count inhibit and backplane oscillator/driver circuit- 
ry. This device also contains leading zero blanking and a 
carry output to increase flexibility and facilitate cascading of 
multiple 4-digit sections. 

This device provides 29 segment outputs to drive a stan- 
dard 41/-digit liquid crystal display. An on-chip backplane 
oscillator/driver is also provided. This can be disabled by 
grounding the oscillator pin, thus allowing the device to be 
slaved to an external backplane signal via the backplane 
pin. 


Connection Diagram 


PRELIMINARY 


Features 

@ Low power operation—less than 100 pW quiescent 

m Direct 41/,-digit 7-segment display drive for higher con- 
trast and long display life 

@ Pin compatible to Intersil’s ICM7224 

m Store and RESET inputs permit operation as frequency 
or period counter 

@ True count inhibit disables first counter stage 

m@ Carry output for cascading 4-digit blocks 

@ Schmitt trigger on the clock input allows operation in 
noisy environments or with slowly changing inputs 

™ Leading zero blanking input and output for correct lead- 
ing zero blanking with cascaded devices 

m On-chip backplane oscillator/driver which can be dis- 
abled to permit slaving of multiple devices to an exter- 
nal backplane signal 


Dual-In-Line Package 


BACKPLANE 
A2 
B2 
C2 
D2 
E2 MM74C946 
G2 
F2 
A3 
B3 
C3 
D3 
53 
G3 
F3 
A4 


Top View 


OSCILLATOR 
GND 

STORE 

RESET 

CLOCK 

ENABLE 
LEADING ZERO OUTPUT (LZ0) 
LEADING ZERO INPUT (LZI) 
CARRY 

%-DIGIT 

Fa 

Ga 

E4 

04 


TL/F/5102-1 


Order Number MM74C946* 


*Please look into Section 8, Appendix D 
for availability of various package types. 
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MM74C946 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Power Dissipation (Pp) 500 mW 
contact the National Semiconductor Sales Office/ Operating Voc Range 3V to BV 
Distributors for availability and specifications. Absolute Maximum Vg 6.5V 


Voltage at Any Pin —0.3V to Voc +0.3V Lead Temperature (T1) 


Operating Temperature Range (Ta) (Soldering, 10 seconds) 300°C 
MM74C946 —40°C to + 85°C 


Storage Temperature Range (Ts) —65°C to + 150°C 


DC Electrical Characteristics Min/Max limits apply across temperature range, unless otherwise noted 


Parameter | conaitions | win | typ | Max | Units 


CMOS TO CMOS 


Vr + Positive Going Threshold Voc = 5V, Vin (0 — 5)V 
Voltage (Clock Input) 


Vr ~ Negative Going Threshold Voc = 5V, Vin(5 — 0)V 

Voltage (Clock Input) 

Hysteresis (V74 — Vr—) Voc = 5V 

(Clock Input) 

Logical “1” Input Voltage (Vina) FT Segoe Se ee ge Se 
Logical “0” Input Voltage (Vino) ge 


Logical ‘‘1”’ Output Voltage Voc = 5V, lo = —10 pA 

(VouT(1)) (LZO and Carry) 

Logical ‘‘O” Output Voltage Voc = 5V, lo = 10 pA 

(Vout(o)) (LZO and Carry) 

Clock Input Current |lin/ Voc = BV, Vin = 5V/0V 8 
Input Current @ Pins 29, 31, Voc = 5V, Vin = OV 

33 and 34 (Note 2) 


Oscillator Input Current (lost) Voc = 5V, Vin = 0V/5V — |= 
Supply Current (og) (Note 3) Voo = 5V, Vin = OV/5V aes De a 


Oscillator Input Voltage When Driving Oscillator 
VIH(OSC) Pin with External Signal 
ViL(OSC) 

DC Offset Voltage (Note 4) 


CMOS/LPTTL INTERFACE 


Li Hi se ” = . 
ogical ‘1” Input Voltage Voc = 4.75V Voc — 1.5V Ll 
(Vinc1)) 


_ (Vino) 
(Vout(1)) (LZO and Carry) 
(VouTio)) (LZO and Carry) 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Range” they are not 
meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 





Note 2: These input pins have pull-ups to Voc. 
Note 3: See test circuit. Display blanked. 
Note 4: DC offset voltage is the effective DC voltage the LCD will have between any segment and the backplane. 
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DC Electrical Characteristics 


Min/Max limits apply across temperature range, unless otherwise noted (Continued) 
Parameter Conditions [min | tye | Max | Units 
OUTPUT DRIVE (Short Circuit Current) 


Output Source Current Voc = 5V, Vout = OV, 
(IsouRcE) (LZO and Carry) Ta = 25°C 


Output Sink Current Voc = 5V, Vour = BV, 
(Isink) (LZO and Carry) Ta = 25°C 


Output Source Current is = 5V, Vout = OV, 
(Isource) (Segment Outputs)  95°G 


Output Sink Current 
(Isink} (Segment Outputs) 


Output Source Current Voc = 5V, Vout = OV, 
(source) (Backplane Output) Ta = 25°C 


Output Sink Current Voc = 5V. Vout = 5V, 
(lsink) (Backplane Output) Ta = 25°C 


Output Source Current Voc = 5V, Vout = OV, 
(lsouRcE) (/2-Digit) Ta = 25°C 


(Isink) (/-Digit) Ta= 25°C 
AC Electrical Characteristics* 1, = 25°c, c,, = 50 pF, unless otherwise specified 


Se ne a Nee oR 
tpdo-tpar_| PropagationDelayClocktoCanry | Voc=sv_ || a5 | 600 

foux__ | Maximum@iockFrequeney | Voc= sv | 2 | 8 | 
tur | ClockinputRisoorFalitime | Voo=sv_ | | No tirit 

wa | ResetPulsewidtn | Voo= sv | t80 | 20 | 

tws | 

tsuicks) 

ts PT 
tsule.cK ErableteGooksetuerime | Veo=sv__ 40 | so | 

tae Voc = 8V 

fap Pin 36 Floating, Voc = 5V 

Cw | inputCapacitance | Logictnputs (notes) | || 

tus | Segment Riso/Falltime | Goag= 2000F_ | | os | 

tu» | Backplane Rise/FallTime | Goas= 5000pF_ | | | 

fos Ping6Floating Voo=8V | | 1 | 


*AC Parameters are guaranteed by DC correlated testing. 
Note 5: Does not apply to backplane and oscillator pins. 
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MM74C946 


Block Diagram 
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LEADING BCD TG Bco TO BcoTo BCD TO LEADING 
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(INPUT ! DECODER OECODER DECODER DECODER OUTPUT 
t 
SEGMENT i] 
OUTPUTS 1 


1 %DIGIT 
¥-OIGIT Cc | DRIVER 





1 
1 
1! 
SEGMENT 
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I 
? 
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\—I | 1 
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rt 
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I | 
7! 
DIGIT! 
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( (N/OUT 


TL/F/5102~2 


AC Waveforms 


tr ts 
Vec : 
\ 90% —_—__—— tgR 
50% 


CLOCK 50% 


ov 


Voc 


STORE 
ov 
tsu (CK, $) 
Vec 
RESET | LS 50% 
ov 


tsa ——e| |\~— 


y —m oe me om me ome (IF NOT RESET) a oe om Gem on 
ce tod! e. 
CARRY ans ti 


ov 


todd 


Voc 
ENABLE 50% 
ov 
tsu (E, CK} 


TL/F/5102-3 
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Test Circuit 


MM74C946 


deers eee meee 


TL/F/5102-4 
*Each segment to backplane with 200 pF capacitor 


Typical Characteristics 


Backplane Frequency as a 
Backplane Frequency as a Function of Oscillator 
‘a Function of Supply Voltage Capacitor (Cosc) 
100 


3V TO 6V CURVES 
INSIDE BAND 


a o 
o oc 


> 
o 


fpp—BACKPLANE FREQUENCY (Hz) 
fgp—BACKPLANE FREQUENCY (Hz) 


Yoo —SUPPLY VOLTAGE (V) Cosc—OSCILLATOR CAPACITANCE (pF) 
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Segment Identification 


TL/F/5102-5 


Operating Supply Current 
(Iss) as a Function of 
Ppccaed Voltage (Vpp) 


Iss—SUPPLY CURRENT (xA) 


Vop—SUPPLY VOLTAGE (¥) 
TL/F/5102-6 
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MM74C946 


Control Pin Description 


Backplane In/Out—When the oscillator pin is grounded 
this pin is an input allowing an external device to generate 
the backplane waveform. When the oscillator pin is left 
open this pin is an output supplying backplane drive for an 
LCD. 


Oscillator—The oscillator frequency may be lowered by ty- 
ing a capacitor (Cosc) between this pin and ground. If this 
pin is grounded the backplane pin becomes an input. 


Store Input—This controls the latches. When fow, the 
latches are in flow-through mode (latch outputs follow coun- 
ter), but when taken high data on counter outputs is stored 
in latches and displayed. 


RESET Input—When low, counters are reset to zero. 
Clock Input—Advances counter on negative edge. 
Enable Input—When low, halts counter operation. 


Leading Zero Input (LZl)—When high, enables leading 
zero blanking. 


Leading Zero Output (LZO)—This signal goes high when 
counter equals zero and LZI is high. 


Carry Output—Goes high for one clock period when count 
of 9999 is reached. 


A1-G1—Digit 1 segment outputs. 
A2-G2—Digit 2 segment outputs. 
A3-G3—Digit 3 segment outputs. 
A4-G4—Digit 4 segment outputs. 


Y,-Digit Output—Goes high when count goes from 9999 to 
0000 and stays high until RESET goes low. 


Application Hints 


Counter Circuitry Description 


The MM74C946 contains a 4-digit resettable synchronous 
counter with a Schmitt trigger on the clock input. An addi- 
tional D flip-flop clocked by the counter carry out provides a 
true ¥4-digit, or it can be used to indicate an overflow condi- 
tion. The counters increment on the negative clock edge. 


The 1%-digit sets on the negative clock edge which incre- — 


ments the counter past 9999. It can be reset only when the 
counter is reset by taking the reset pin to ground. The coun- 
ter and carry output operation is independent of the state of 
the 1%4-digit flip-flop. 

The carry output goes high on the negative edge of the 
clock when the transition from 9998 to 9999 occurs and 
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then goes low on the next count. Thus counters may be 
cascaded in a ripple carry mode or synchronous mode by 
using the enable input. 


The counter can be inhibited from responding to clock input 
pulses by taking the enable input low, thus freezing the 
counter to its state prior to the event. 


The counter outputs feed a series of flow-through latches. 
When the store input is low, the latch outputs follow their 
inputs. When the store input is taken high, the contents of 
the counter are stored in the latches and are displayed. 


The latch outputs feed 4 BCD to 7-segment decoders which 
include circuitry to provide leading zero blanking. When the 
leading zero input is low or the ¥,-digit is set, leading zero 
blanking is inhibited. When the leading zero input is high, all 
leading zeroes will be blanked. A leading zero output is pro- 
vided to allow correct blanking of all leading zeroes in multi- 
ple device designs. This output will be high when all 4 digits 
are blanked. (Remember the leading zero input must be 
high and the 1/,-digit must be reset.) 


Display Circuitry Description 

The MM74C946 has 29 segment outputs capable of directly 
driving 4 digits of 7 segments plus an additional 1/2-digit of 2 
segments. The segment and backplane drivers are de- 
signed to provide matched rise and fall times, eliminating 
possible DC components in the driving waveforms which 
could degrade display life (i.e., DC offset voltage). 


The backplane driver can be disabled by grounding the os- 
cillator pin. This enables the segment output waveforms to 
be synchronized to an external signal applied to the back- 
plane pin. This allows several devices to be driven by a 
single master backplane waveform which can be generated 
by another MM74C946 or an external oscillator. Thus single 
backplane displays with 8, 12, 16, etc., digits can be driven 
by multiple counters. The maximum fanout of a master 
backplane driver is limited by its total capacitive load, which 
is the sum of the slaved backplane input capacitances and 
the display backplane capacitance. 


An on-board oscillator/divider generates the segment/ 
backplane waveforms. Its output frequency typically is 
85 Hz, but may be slowed by connecting an external capaci- 
tor between the oscillator pin and ground. The oscillator pin 
may also be driven by an external waveform but the input 
low level must not go to ground or else the backplane will 
be put in the slave mode (see ViH(Qsc) and Vi_(osc) specifi- 
cations). 





Typical Applications 


CARRY OUT 


RESET 


STORE 
COUNT ENABLE 


CARRY OUT 


RESET 
STORE 
COUNT INPUT 


Ripple Carry Cascading 
Poti 
Hoo 


CARRY BACKPLANE 


RESET MSD (SLAVE}* 
MM740946 
STORE 


ENABLE 
OSCILLATOR 


Synchronous Cascading 
CIF 
LI 


CARRY BACKPLANE 


RESET MSD (SLAVE)* 
MM74C946 
STORE 


CLOCK ENABLE 
OSCILLATOR 120 


*Master/slave selection is arbitrary and dependent only on which oscillator pin is grounded. 
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BACKPLANE 
LSD (MASTER)* 
MM74C946 


TL/F/5102-7. 


BACKPLANE 
LSD (MASTER)* 
MM74C946 


ENABLE 


LZ0 COUNT 
ENABLE 


TL/F/5102-8 


MM74C956 


National 
Semiconductor 


MM74C956 4-Digit, 17-Segment Alpha-Numeric Display 
Driver, with Memory, Decoder, and LED Drivers 


General Description 


The MM74C956 monolithic LED intelligent display driver cir- 
cuit is manufactured using standard complementary MOS 
technology. The convention and speed of the data entry 
procedure is designed to be microprocessor bus and TTL 
compatible with no interface circuitry required. 

The integrated circuit has memory to store four 7-bit ASCII 
words corresponding to the four digits, an ASCII to 17-seg- 
ment alpha-numeric ROM decoder, multiplexing and drive 
circuitry to drive four 17-segment digits. It has direct drive 
capabilities of 2.56 mA/segment average current. 

The internal memory can be written asynchronously through 
the 7-bit data bus (DO-D6) into the digit location addressed 
by the 2-bit address bus (AO, A1). For multiple chip circuits, 
two chip select inputs (CE1, CE2) can be decoded or a one- 
of-n decoder can be used for displays incorporating more 
than four MM74C956’s. 


Block and Connection Diagrams 


SEGMENT OUTPUTS 


D5 03 
06 04 


CONTROL/ADDRESS 
INPUTS 


Segment 
Designation 


INI 
IZINt 


TL/F/5924-3 


4x1 
x7 CHARACTER 
CURSOR 
MEMORY MEMORY 
1 


ASCII/CURSOR DATA 
INPUTS 


The cursor function will cause all segments of a digit to be lit 
but will not write over the contents:of the memory corre- 
sponding to that digit. Therefore, when the cursor is erased, 
the original character will reappear at that digit location. 


Features 

m@ Microprocessor bus compatible 

B& All inputs are TTL compatible; 5V power supply 

w On-chip memory 

m@ On-chip decoder converts from standard 7-bit ASCII to 
alpha-numeric 

m On-chip multiplexing with LED segment and digit drivers .. 

@ Independent and asynchronous digit access 

m Independent cursor function: can be disabled 

m@ Display clear function 

@ Display blank function 

m Two chip select inputs for multiple chip systems 


DIGIT OUTPUTS 
Dual-in-Line Package 


DIG DIG 
otc | ow ? 


DO Top View 
Order Number MM74C956* 


TL/F/5924-2 


TLIF/5924-1 *Please look into Section 8, Appendix D 


for availability of various package types. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. 

Voltage at any Pin —0.3V to Voc +0.3V 

Operating Temperature Range 
MM74C956 —40°C to + 85°C 


DC Electrical Characteristics 1, = 25°c 


—65°C to + 150°C 
700 mW 
4.5V to 5.5V 
6.0V 

300°C 


Storage Temperature Range 
Power Dissipation (Pp) 
Operating Vcc Range 

Vcc 

Lead Temperature (Soldering, 10 seconds) 


Conditions | _Min_| Typ_| Max | Units 
Logical “1” Input Voltage [voc=sv | ee | 


Logical “0” Input Voltage 


Logical “1” Input Current 


Supply Current 


Output Drive (Notes 2 and 3) 
Peak Output Source Current 
(P-Channel Segment Driver with 1 Segment On) 
Peak Output Source Current 
(P-Channel Segment Driver with 17 Segments On) 


ISOURCE 


ISOURCE 


Peak Output Sink Current 
(N-Channel Digit Driver with 3 Segments On) 


Peak Output Sink Current 
(N-Channel Digit Driver with 17 Segments On) 


Voc = 5V 


[Vec=sv.vw=sv_ | [0005 | 1 
[ Logical “o” InputCurent | Voc = 8VVw= ov | -100| 25 | | 


Voc = 5V @Ta = 25°C 
All Outputs Open 
All inputs @ 5V 


Voc = 5V, VouT = 1.9V 
Ta = 25°C 

Voc = 10V, Vout = 3.3V 
Ta = 25°C 

Vcc = 5V, Vout = 0.25V 
Ta = 25°C 


c = 10V, VouT = 1.3V 


Ta = 25°C 


AC Electrical Characteristics* 1, = 25°c, Vcc = 5v 


| __Parameter_—— | Gonditions,_—— | Min | Typ | Max _| 
[| Write Pulse width |_Allinputs Swing tromov-4av_ | 240 || 

| DataSetUpTime | Allinputs Swing tromov-4v_| 100 | | 
| DataHoldTime | _Allinputs Swingtromov-av_ | so | | 
| AddressSetUpTime | Allinputs Swingtromov-av_ | goo | | 
| Address Hold Time | AllinputsSwingtromov-av_ | 0 | | 
| Gleartime | Allinputs Swingtromov-av | 1 | | 


*AC Parameters are guaranteed by DC correlated testing. 





Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Range” they are not 
meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device operation. 


Note 2: Average drive current ~ peak drive current + 4. 


Note 3: Current/segment is dependent upon total number of segments on. Maximum current occurs with 1 segment on; minimum current occurs with 17 segments 


on. 
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MM74C956 


Timing Diagram for data access 


Functional Description 


Entry into Data Memory 


To enter an ASCII code, the CET and CE2 inputs must be 
low, CU must be high. When the address is set up at AO and 
A1, the WE can go low, at which time the internal RAM will 
respond to the data inputs (DO-D6). Note that the data 
need not be set up prior to the WE transition. 


All digits can be cleared by holding the CLR input low for the 
specified interval. 


Entry into Cursor Memory 


This is accomplished by setting the CET and CE2 inputs as 
well as the CU input low. The cursor memory consists of 4 
bits corresponding to the four digits, each one addressable 
by way of the AO and A1 inputs. Once the address is stable, 
the WE input must go low and the cursor memory will re- 
spond to the DO input. That is, if DO is high, a cursor will be 
written and if DO is low, the cursor will be erased. CLR will 
not erase a cursor. A cursor will only be displayed when 
CUE is high and the cursor function can be bypassed by 
tying CUE low. A flashing cursor can be implemented by 
pulsing CUE; this results in alternately displaying the cursor 
and the character originally written in that digit. CUE will not 
alter the contents of either the cursor or data memory. 


6-214 


TL/F/5924~-4 


Blanking the Display 


Display blanking can be realized by using the BL input. By 
taking BL low, the display will be disabled while leaving the 
contents of the data and cursor memory unchanged. A 
flashing display will occur if BL is pulsed. The display is 
blanked by BL regardless of whether a cursor or character 
is being displayed. 


legal Code 

If an illegal ASCII code is entered into the data memory (i.e., 
D6 = D5) the display will automatically be blanked for the 
corresponding digit. 


OSD Pin 


Taking the OSD pin high disables the internal oscillator and 
prohibits normal multiplex scanning. This pin is pulled low 
internally and is primarily meant to be used in testing the 
part only. This pin should be grounded or left open in normal 
operation. 


Clearing the Display 


Pulsing the CLR pin low for the specified time will clear all 
internal data memories while leaving the cursor memories 
unchanged. 





Functional Description (continued) 


TABLE I. Data and Cursor Entry Function Example 
Assume initially D6 = 1 and D5 — DO = 0 for all internal digit memories. Cursor memory is cleared. Table is intended to be 


read in sequence. 
BL CET CEZ CUE GU We CLR Ar Ao D6 D5 D4 D3 D2 01 DO Hee [seer teri 
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tare 
is 


a 
wil ae 


> 


DATA ENTRY FUNCTION 
a6 oe ow Ke we eo on ow oa OO 
«x «KKK we KKK KK OK 
- == we eK oO wo KKK KK 
~-sa a= sa oe oa au aon ow a 
~=- 0 OO xX =~ OC xX K KX XK 
~ Oo - OO xX OO XK K K XK 
- = se ew KO Fm KKK 
-~ Oo COCO xX += + K& KK 
o-wr o7fFlUcxKChUCOlUhUc* KK MK KH 
t 


meet Sob kp 
Se SeSe 53 


1 
1 

tt 
“— 
atl 


a Se 
28 


oct c 


Set See 
it By 


CURSOR ENTRY FUNCTION 
a 


Sg a8 


oox x xX& xKXOOxxaoedsceaeaeolsaaooaoexxaaonoesc = x 
coe xXx Kx KM OOxXxxKx COCO O/fF CG Oo oxo o oO += Oo Xx 
oo Mm uo oe oon oe OC OoOlUCcDW COUT AOCUOlUCCCOUOUCmCqMCUCOCUCOUmCUCcOr Khu KH 
xx «KM MaKe KKK KKK KIO OD OOo KM ADCOCK KK OK 
x «x «eK MK Ke OK KKK KK KIO oO UOUCOUrULUMKLUCC OOK OK KK 
x «KK KK OK KOUKCUKLUC COUKLCUKLUcC KIO OO OKC OULUCOOK OK OK OK 
xx * x «Ke MMe RK KKK KK KIO Mm At OKO Ft KKK XK 


=~ "Ff O28 484 32 sa we oe ew ete et ew 
o- xxx «x4 0x xX = 20.0 
a“ = «* &*® KK OOUCKLMUCKOO OFA HO 
x «KKK KKK KK KK KX 
x «x «x «KKK KKK KKK KO 
o0 Oo KKK KO OK KA Be Ft 


1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 


X= don't care 
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TABLE II. ROM Output Font for ASCII to Alpha-Numeric Decoding 


NALJIN NL 
Ph IS RIS 
bat 
LN OWN 
L NZI] NZ 
“Ni 1 ge ‘. /N 
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9L2e-9 


MM74C956 


uoleoddy jesdAL 


uP CONTROL 
LoGic 


— | IZIN| IZIN IZIND IZINI 


wewRITE 
STROBE j 17-SEGMENT ALPHA-NUMERIC DISPLAY 
LIKE HEWLETT PACKARD HDSP-6504 
OR TEXAS INSTRUMENTS HDSP-6504 


= a NIA NIA, INIA INIZI 


ADDRESS 
DECODE = DIG 1 DIG 2 DIG 3 DIG 4 


pP 
ADDRESS 
BUS MM74C956 


DIG 0 


DIG 1 
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National 
Semiconductor 


MM78C29/MM88C29 Quad Single-Ended Line Driver 
MM78C30/MM88C30 Dual Differential Line Driver 


General Description 

The MM78C30/MM88C30 is a dual differential line driver 
that also performs the dual four-input NAND or dual four-in- 
put AND function. The absence of a clamp diode to Vcc in 
the input protection circuitry of the MM78C30/MM88C30 al- 
lows a CMOS user to interface systems operating at differ- 
ent voltage levels. Thus, a CMOS digital signal source can 
operate at a Vcc voltage greater than the Vcc voltage of 
the MM78C30 line driver. The differential output of the 
MM78C30/MM88C30 eliminates ground-loop errors. 


Logic Diagrams 


The MM78C29/MM88C29 is a non-inverting single-wire 
transmission line driver. Since the output ON resistance is a 
low 202. typ., the device can be used to drive lamps, relays, 
solenoids, and clock lines, besides driving data lines. 


Features 

aw Wide supply voltage range 
@ High noise immunity 

m Low output ON resistance 


3V to 15V 


0.45 Vcc (typ.) 
202. (typ.) 


1/4 MM78C29/MM88C29 


Voc 


OUTPUT 


TL/F/5908-1 


1/2 MM78C30/MM88C30 


INPUT 1 
INPUT 2 


INPUT 3 
INPUT 4 


Voc 


TL/F/5908-2 
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MM78C29/MM88C29/MM78C30/MM88C30 


Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, Operating Vcc Range 3V to 15V 
contact the National Semiconductor Sales Office/ Absolute Maximum Vcc 18V 
Distributors for availability and specifications. Average Current at Output 


Voltage at Any Pin (Note 1) —0.3V to Voc + 16V MM78C30/MM88C30 50 mA 
Operating Temperature Range MM78C29/MM88C29 25mA 


MM78C29/MM78C30 —55°C to +125°C = Maximum Junction Temperature, T; 150°C 


MM88C29/MM88C30 — 40°C to + 85°C Lead Temperature 


Storage Temperature —65°C to + 150°C (Soldering, 10 seconds) 260°C 
Power Dissipation (Pp) 

Dual-in-Line 700 mW 

Small Outline . 500 mW 


DC Electrical Characteristics min/maximits apply across temperature range unless otherwise noted 


symbol_| Parameter | Conditions| min. | typ | Max | Units 


CMOS TO CMOS 


Logical “1” Input Voltage Voc = 5V 
Voc = 10V 

Logical 0” Input Voltage Voc = 5V 
Voc = 10V 


Logical “1” Input Current Voc = 15V, Vin = 15V 
Logical “0” Input Current Voc = 15V, Vin = OV ~ 
Supply Current Voo = 8V a Cs! 


OUTPUT DRIVE 


ISOURCE Output Source Current 
MM78G29/MM78C30 Vout = Voc -1.8V, 
Voc 2 4.5V, Tj = 25°C 
Tj = 125°C 
MM88C29/MM88C30 Vout =Woo= TeV, 
Voc = 4.75V, Tj = 25°C 
Tj = 85°C 


MM78C29/MM88CG29 Vout = Vcc — 0.8V 
MM78C30/MM88C30 Voc 2 4.5V 


Output Sink Current 
MM78C29/MM78C30 Vout = 0.4V, Voc = 4.5V, 
Tj = 25°C 
Tj = 125°C 


VouT = 0.4V, Voc = 10V, 
Tj = 25°C 
Tj = 125°C 


MM88C29/MM88C30 Vout = 0.4V, Voc = 4.75V, 
Tj = 25°C 
Tj = 85°C 


Vout = 0.4V, Vcc = 10V, 
Tj = 25°C 
Tj = 125°C 


ISQURCE Output Source Resistance 
MM78C29/MM78C30 Vout = Vcc — 1.6V, 
Voc 2 4.5V, Tj = 25°C 
Tj = 125°C 
MM88C29/MM88C30 Vout = Vcc ~ 1.6V, 
Voc 2 4.75V, Tj = 25°C 
Tj = 85°C 
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DC Electrical Characteristics 


Min/Max limits apply across temperature range, unless otherwise noted (Continued) 


Symbol_| Parameter |__—Gonditions_ | win | typ | Max _| Units 


OUTPUT DRIVE (Continued) 


Output Sink Resistance 

MM78C29/MM78C30 Vout = 0.4V, Voc = 4.50V, 
Tj = 25°C 
Tj = 125°C 
Vout = 0.4V, Voc = 10V, 
Tj = 25°C 
Tj = 125°C 

MM88C29/MM88C30 Vout = 0.4V, Voc = 4.75V, 
T= 256 
Tj = 85°C 


Vout = 0.4V, Voc = 10V, 
Tj = 25°C 
Tj = 85°C 


O€DS8WIW/0FD8ZWIW/62088WIN/6208ZNN 


Output Resistance 
Temperature Coefficient 
Source 
Sink 


Thermal Resistance 
MM78C29/MM78C30 
(D-Package) 


Propagation Delay Time to 
Logical “1” or “0” (See Figure 2) 
MM78C29/MM88C29 Voc = 5V 
Voc = 10V 


Differential Propagation Delay Ri = 1009, CL = 5000 pF 
Time to Logical “1” or “0” (See Figure 7) 
MM78C30/MM88C30 Voc = 5V 
Voc = 10V 


Input Capacitance 
MM78C29/MM88C29 (Note 3) 
MM78C30/MM88C30 (Note 3) 


Power Dissipation Capacitance 
MM78C29/MM88C29 (Note 3) 
MM78C30/MM88C30 (Note 3) 


*AC Parameters are guaranteed by DC correlated testing. 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for ‘Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of ‘Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 


Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note 
AN-80, 
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MM78C29/MM88C29/MM78C30/MM88C30 


Connection Diagrams 


Dual-In-Line Package 
MM78C29/MM88C29 


NC IN 


Ny OUT, 


Top View 


OUT; 


OUT, 


OUT, 
Nip 


GND Noa 
TL/F/5908-3 


Order Number MM78C29* or MM88C29* 


Dual-In-Line Package 
MM78C30/MM88C30 


B AND 
Nop Ns Ny SCOUT OUT 


Nias INgg. «Ss A AND) ANAND ~—GND 
ouT OUT 


TL/F/5908-4 
Top View 


Order Number MM78C30J* or MM88C30J* 
*Please look into Section 8, Appendix D for availability of various package types. 


Typical Performance Characteristics 


MM78C29/MM88C29 
Typical Propagation Delay vs 
ee Load Capacitance 


a el ll 
ew DEAT 
CAA 
CC AA 
CTA 
a al 
/ARGnnee 
ol 
B74 a 
Be is 
a a 


400 600 800 1000 
LOAD CAPACITANCE, C, (pF) 


PROPAGATION DELAY (ns) 


MM78C30/MM88C30 
Typical Propagation Delay vs 
Load Capacitance 








PROPAGATION DELAY (ns) 





200 «400 «#4600 «6800 ) =: 1000 
LOAD CAPACITANCE, C, (pF) 


PROPAGATION DELAY (ns) 


TYPICAL loys (mA) 


MM78C29/MM88C29 
Typical Propagation Delay vs 
7 LOad Capacitance 








600 800 
LOAD CAPACITANCE, C, (pF) 


Typical Sink Current vs 
goutpus Voltage 


1) =25°C BZaan Veg = 15V] 
Vi {tt 
ERRA). ARERR ERE 


LETT TTT TT 
Ht 











10 12 14 
TYPICAL Voyr (V) 
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MM78C30/MM88C30 
Typical Propagation Delay vs 
‘i Load Capacitance 








PROPAGATION DELAY (ns) 











600 
LOAD CAPACITANCE, C; (pF) 


Typical Source Current vs 
Output Voltage 
00 


TYPICAL lgyy (mA) 


























8 10 12 14 
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AC Test Circuits 
Veo 
Va 
O AND OUTPUT 


100 


INPUTS 12 MM78C30 


50000 pF TL/F/5908-7 


Vp 
O NAND OUTPUT 


TL/F/5908-6 
FIGURE 1 


O€DS8WIN/OED8ZINW/62088WIN/6208ZNN 


AND 
OUTPUT 


INPUTS 12 MM78C30 1/4 MM78C29 


TL/F/5908-8 TL/F/5908-9 
FIGURE 2 


Digital Data Transmission 


LINE DRIVER AND RECEIVER (NOTE 3) 


AND 
OUTPUT 
O 
TWISTED PAIR LINE 


1/2 MM78C30/ 
MM88C30 


c2 
OUTPUT 100 pF 
(NOTE 2) 


@ 
STROBE - 





Note 1: Exact value depends on line length. LAE LS908-10 


Note 2: Optional to control response time. 
Note 3: Voc to 4.5V to 5.5V for the DS7820. 
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MM78C29/MM88C29/MM78C30/MM88C30 


Typical Applications (Continued) 


Voc 


AND 
OUTPUT 
O 


TWISTED PAIR LINE 
1/2 MM78C30/ ao 
f MMB8C30 / : OD OD 1/4MM74C909 


TL/F/5908-11 


SINGLE=WAVE TRANSMISSION LINE (NOTE 1) 


1/6 MM78C30/ OUTPUT 
© 


MM88C30 O-——O OUTPUT 


1/6 MM74C914 
OR 1/6 MM74C14 


TL/F/5908-12 
Note 1: Voc is 3V to 15V 


Typical Data Rate vs Transmission Line Length 


104 


10° 











TYPICAL DATA RATE (kHz) 








I mm Pe 
jo LETT | 
10! 107 105 


LENGTH OF TRANSMISSION LINE (FT) 
TL/F/5908~-13 


Note 1: The transmission line used was #22 gauge unshielded twisted pair (40k 
termination). 


Note 2: The curves generated assume that both drivers are driving equal lines, 
and that the maximum power is 500 mW/package. 
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National 
Semiconductor 


Section 7 
Surface Mount 


Cost pressures today are forcing many electronics manu- 
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be- 
cause: 


1. The mounting of devices on the PC board surface elimi- 
nates the expense of drilling holes; 


2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 


3. The lighter and more compact assembled products re- 
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 


insertion mount components to be assembled on the same 
PC board. 


SURFACE MOUNT PACKAGING AT NATIONAL 


To help our customers take advantage of this new technolo- 
gy, National has developed a line of surface mount pack- 
ages. Ranging in lead counts from 3 to 360, the package 
offerings are summarized in Table |. 


Lead center spacing keeps shrinking with each new genera- 
tion of surface mount package. Traditional packages (e.g., 
DIPs) have a 100 mil lead center spacing. Surface mount 
packages currently in production (e.g., SOT, SOIC, PCC, 
LCC, LDCC) have a 50 mi! lead center spacing. Surface 
mount packages in production release (e.g., PQFP) have a 
25 mil lead center spacing. Surface mount packages in de- 
velopment (e.g., TAPEPAKT) will have a lead center spac- 
ing of only 12-20 mils. 


TABLE |. Surface Mount Packages from National 


Small Outline 
IC (SOIC) 


Package Small Outline 
Type Transistor 
(SOT) 


Plastic Chip 


Package 
Material 


Plastic Quad 
Flat Pack 
(PQFP) 


Carrier (PCC) 


Paste 


Lead Bend | Gull Wing Gull Wing Gull Wing Gull Wing 


TAPEPAK™ | Leadless Chip} Leaded Chip 


Carrier (LCC) | Carrier 





Plastic Ceramic 


Gull Wing 


50 Mils 


Spacing 
Option 


PQFP-84 
PQFP-100 
PQFP-132 


SO-8(*) LDCC-44 


SO-14(*) 


PCC-20 
PCC-28 


Lead Counts | SOT-23 
High Profile 

SOT-23 
Low Profile 


LDCC-68 
PQFP-196 
PQFP-244 


SO-14 Wide(*) 
SO-16(*) 
SO-16 Wide(*) 
SO-20(*) 
SO-24(*) 


PCC-44 
PCC-68 
PCC-84 
PCC-124 


LDCC-84 


LDCC-124 


*In production (or planned) for commercial CMOS logic products. 
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Surface Mount 


CMOS LOGIC PRODUCTS IN SURFACE MOUNT 


A complete list of CMOS logic part numbers in surface 
mount is presented in Table Ill. Refer to the datasheet in the 
appropriate chapter of this databook for a complete descrip- 
tion of the device. In addition, National is continually ex- 
panding the list of devices offered in surface mount. If the 
functions you need do not appear in Table Ill, contact the 
sales office or distributor branch nearest you for additional! 
information. 


Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi- 
conductors are carried on a single Tape-and-Reel pack (see 
ordering and shipping information—printed later in this sec- 
tion—for a comparison of devices/reel vs. devices/rail for 
those surface mount package types being used for CMOS 
logic products). With this higher device count per reel (when 
compared with less than a 100 devices per rail), pick-and- 
place machines have to be re-loaded less frequently and 
lower labor costs result. 


With Tape-and-Reel, manufacturers save twice—once from 
using surface mount technology for automated PC board 
assembly and again from tess device handling during ship- 
ment and machine set-up. 


BOARD CONVERSION 


Besides new designs, many manufacturers are converting 
existing printed circuit board designs to surface mount. The 
resulting PCB will be smaller, lighter and less expensive to 
manufacture; but there is one caveat—be careful about the 
thermal dissipation capability of the surface mount package. 


Because the surface mount package is smaller than the tra- 
ditional dual-in-line package, the surface mount package is 


not capable of conducting as much heat away as the DIP 
(i.e., the surface mount package has a higher thermal resist- 
ance—see Table Il). 


The silicon for most National devices can operate up to a 
150°C junction temperature. Like the DIP, the surface mount 
package can actually withstand an ambient temperature of 
up to 125°C (although a commercial temperature range de- 
vice will only be specified for a max ambient temperature of 
85°C). 


TABLE Ii: Surface Mount Package 
Thermal Resistance Range* 


Package Thermal Resistance** 
i (0 As °C/W) 


SO-8 120-175 
SO-14 100-140 
SO-14 Wide 70-110 
SO-16 90-130 
SO-16 Wide 70-100 
SO-20 60-90 
SO0-24 55-85 
*Actual thermal! resistance for a particular device depends on die size. 
Refer to the datasheet for the actual 6j4 value. 


**Test conditions: PCB mount (FR4 material), still air (room temperature), 
copper traces (150 X 20 X 10 mils). 


Given a max junction temperature of 150°C and a maximum 
allowed ambient temperature, the surface mount device will 
be able to dissipate less power than the DIP device. Al- 
though CMOS Logic devices dissipate very little power in 
the static mode, their power consumption may be significant 
when clocked at high frequencies. Therefore, the higher 
thermal resistance should be evaluated for new designs. 


For board conversion, the DIP and surface mount devices 
would have to dissipate the same power. This means the 
surface mount circuit would have a lower maximum allowa- 
ble ambient temperature than the DIP circuit. For DIP cir- 
cuits where the maximum ambient temperature required is 
substantially lower than the maximum ambient temperature 
allowed, there may be enough margin for safe operation of 
the surface mount circuit with its lower maximum allowable 
ambient temperature. But where the maximum ambient tem- 
perature required of the DIP current is close to the maxi- 
mum allowable ambient temperature, the lower maximum 
ambient temperature allowed for the surface mount circuit 
may fall below the maximum ambient temperature required. 
The circuit designer must be aware of this potential pitfall so 
that an appropriate work-around can be found to keep the 
surface mount package from being thermally overstressed 
in the application. 


SURFACE MOUNT LITERATURE 


National has published extensive literature on the subject of 
surface mount packaging. Engineers from packaging, quali- 
ty, reliability, and surface mount applications have pooled 
their experience to provide you with practical hands-on 
knowledge about the construction and use of surface mount 
packages. 


The applications note AN-450 ‘Surface Mounting Methods 
and their Effect on Product Reliability” is referenced on 
each SMD datasheet. In addition, ‘Wave Soldering of Sur- 
face Mount Components” is reprinted in this section for your 
information. 


A FINAL WORD 


National is a world leader in the design and manufacture of 
surface mount components. 


Because of design innovations such as perforated copper 
leadframes, our small outline package is as reliable as our 
DiP—the laws of physics would have meant that a straight 
“junior copy” of the DIP would have resulted in an “S.O.” 
package of lower reliability. You benefit from this equiva- 
lence of reliability. In addition, our ongoing vigilance at each 
step of the production process assures that the reliability we 
designed in stays in so that only devices of the highest qual- 
ity and reliability are shipped to your factory. 

Our surface mount applications lab at our headquarters site 
in Santa Clara, California continues to research (and pub-— 
lish) methods to make it even easier for you to use surface 
mount technology. Your problems are our problems. 


When you think “Surface Mount’”—think “National”! 





CD4000 


CD4001BCM 
CD4002BCM 
CD4007CM 
CD4010CM 
CD4011BCM 
CD4013BCM 
CD4014CM 
CD4016BCM 
CD4017BCM 
CD4020BCM 
CD4021BCM 
CD4023BCM 
CD4024BCM 
CD4025BCM 
CD4027BCM 
CD4040BCM 
CD4041BCM 
CD4042BCM 
CD4043BCM 
CD4047BCM 
CD4049UBCM 
CD4050BCM 
CD4051BCM 
CD4052BCM 
CD4053BCM 
CD4060BCM 
CD4066BCM 
CD4069UBCM 
CD4070BCM 
CD4071BCM 
CD4081BCM 
CD4093BCM 
CD4094BCWM 
CD4511BCWM 
CD4512BCM 
CD4514BCWM 
CD4515BCWM 
CD4516BCWM 
CD4528BCM 


TABLE III. CMOS Surface Mount Current Device Listing 


CD4538BCWM 
CD4541BCWM 
CD4723BCM 


MM74C 


MM74CO0M 
MM74C14M 
MM74C154WM 
MM74C193M 
MM74C240WM 
MM74C244WM 
MM74C32M 
MM74C373WM 
MM74C374WM 
MM74C74M 
MM74CS01M 
MM74CS06M 
MM74C914M 


MM74HC 


MM74HCOOM 
MM74HC02M 
MM74HC03M 
MM74HC04M 
MM74HC08M 
MM74HC10M 
MM74HC109AM 
MM74HC11M 
MM74HC123AM 
MM74HC125M 
MM74HC126M 
MM74HC132M 
MM74HC133M 
MM74HC137M 
MM74HC 138M 


MM74HC139M 
MM74HC14M 
MM74HC147M 
MM74HC149WM 
MM74HC151M 
MM74HC153M 
MM74HC154WM 
MM74HC157M 
MM74HC158M 
MM74HC160M 
MM74HC161M 
MM74HC162M 
MM74HC163M 
MM74HC164M 
MM74HC165M 
MM74HC173M 
MM74HC174M 
MM74HC175M 
MM74HC181WM 
MM74HC182M 
MM74HC194WM 
MM74HC195WM 
MM74HC20M 
MM74HC221AM 
MM74HC237M 
MM74HC240WM 
MM74HC241WM 
MM74HC242M 
MM74HC243M 


MM74HC24316WM 


MM74HC244WM 
MM74HC245AWM 
MM74HC251M 
MM74HC253M 
MM74HC257M 
MM74HC259M 
MM74HC266AM 
MM74HC27M 
MM74HC273WM 
MM74HC280M 
MM74HC283M 


MM74HC288M 
MM74HC299WM 
MM74HC30M 
MM74HC32M 
MM74HC354WM 
MM74HC356WM 
MM74HC365WM 
MM74HC366WM 
MM74HC367WM 
MM74HC368WM 
MM74HC373WM 
MM74HC374WM 
MM74HC390WM 
MM74HC393M 
MM74HC4002M 
MM74HC4016WM 
MM74HC4017M 
MM74HC4020M 
MM74HC4040M 
MM74HC4046M 
MM74HC4049M 
MM74HC4050M 
MM74HC4051WM 
MM74HC4052WM 
MM74HC4053WM 
MM74HC4060M 
MM74HC4066WM 
MM74HC4075M 
MM74HC4078M 
MM74HC42M 
MM74HC423AM 
MM74HC4316WM 
MM74HC4511M 
MM74HC4514WM 
MM74HC4538M 
MM74HC4543M 
MM74HC51M 
MM74HC521WM 
MM74HC533WM 
MM74HC534WM 
MM74HC540WM 


MM74HC541WM 
MM74HC563WM 
MM74HC564WM 
MM74HC573WM 
MM74HC574WM 
MM74HC58M 
MM74HC589M 
MM74HC595M 
MM74HC597M 
MM74HC640WM 
MM74HC643WM 
MM74HC646WM 
MM74HC648WM 
MM74HC688WM 
MM74HC7266M 
MM74HC73M 
MM74HC74AM 
MM74HC75M 
MM74HC76M 
MM74HC85WM 
MM74HC86M 


MM74HCT 


MM74HCTOOM 
MM74HCT04M 
MM74HCTO5M 
MM74HCT112M 
MM74HCT138M 
MM74HCT149WM 
MM74HCT151M 
MM74HCT153WM 
MM74HCT164M 
MM74HCT240WM 
MM74HCT241WM 
MM74HCT244WM 
MM74HCT245WM 
MM74HCT251M 
MM74HCT253M 


MM74HCT273WM 
MM74HCT34M 

MM74HCT373WM 
MM74HCT374WM 
MM74HCT521WM 
MM74HCT533WM 
MM74HCT534WM 
MM74HCT540WM 
MM74HCT541WM 
MM74HCT640WM 
MM74HCT643WM 
MM74HCT688WM 
MM74HCT74M 


MM74HCU 


MM74HCU04M 
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Ordering and Shipping Information 


When you order a surface mount semiconductor, it will be in 
one of the several available surface mount package types. 
Specifying the Tape-and-Reel method of shipment means 
that you will receive your devices in the following quantities 
per Tape-and-Reel pack: SMD devices can also be supplied 


in conventional conductive rails. 
Package Package Per Reel* 
Designator 
SO-8 OM 
SO-14 
SO-14 Wide 
SO-16 
SO-16 Wide 
SO-20 Wide 
SO-24 Wide 
*Incremental ordering quantities. (National Semiconductor reserves the right 


to provide a smaller quantity of devices per Tape-and-Reel pack to preserve 
lot or date code integrity. See example below.) 


Short-Form Procurement Specification 


TAPE FORMAT 


Empty Cavities, 
min (Unsealed 
Cover Tape) 


min (Sealed 
Cover Tape) 


Small Outline IC 


| Sota (Narow | 2 


sorewide) | 2 | 


so2z0wide) | 2 | 
sozawide) | 2 | 


*The following diagram Identifies these sections of the tape and Pin #1 device orientation. 


Empty Cavities, Filled Cavities 


Cover Tape) 


Example: You order 5,000 MM74COOM ICs shipped in Tape- 
and-Reel. : ey 


¢ Case 1: All 5,000 devices have the same date code 


e You receive 2 SO-14 (Narrow) Tape-and-Reel 
packs, each having 2500 MM74COOM ICs 


© Case 2: 3,000 devices have date code A and 2,000 de- 
vices have date code B 


e You receive 3 SO-14 (Narrow) Tape-and-Reel 
packs as follows: 


Pack #1 has 2,500 MM74COOM ICs with date code 
A 


Pack #2 has 500 MM74COOM ICs with date code A 


Pack #3 has 2,000 MM74COOM ICs with date code 
B 


—> | Direction of Feed 





Empty Cavities, 
min (Sealed 
Cover Tape) 


Empty Cavities, 
min (Unsealed 
Cover Tape) 


(Sealed 





Short-Form Procurement Specification (Continued) 


DEVICE ORIENTATION 


DIRECTION 
OF FEED 


—_—_—_—_—_————— 
TRAILER 
SECTION ++ CARRIER SECTION a 


CeD9DDDNDNDDCN NOON NONON ON OOOO OCOCOOCONGOO D000 0GDDAON0N000000 


}UNOW eoR}Ins 


° EMPTY ° EMPTY | @ EMPTY ° EMPTY 
CAVITIES CAVITIES SUN CHVER KE CAVITIES CAVITIES 

© UNSEALED =» SEALED * SEALED © UNSEALED 
COVER TAPE COVER TAPE COVER TAPE COVER TAPE 


PIN1 
ORIENTATION 


———$— |} 


DEVICES DEVICES 
TL/XX/0061-8 


MATERIALS © Reel: 
® Cavity Tape: Conductive PVC (less than 105 Ohms/Sq) (1) Solid 80 pt fibreboard (standard) 
© Cover Tape: Polyester (2) Conductive fibreboard available 
(1) Conductive cover available (3) Conductive plastic (PVC) available 
TAPE DIMENSIONS (24 Millimeter Tape or Less) 


<—— Po 10 PITCH CUMULATIVE 
TAPE TOLERANCE +0.2mm 


E 


R SMALLEST POSSIBLE 
BENDING RADIUS-(NOTE 2) 
7 


DEVICE ORIENTATION 





TL/XX/0061~9 





Surface Mount 





Short-Form Procurement Specification (continued) 


pwiloe te |e | me | wo | o | tf] mw | ob | ko | om Ir 


Small Outline IC 


ae 12+.30] 8.04.10 | 5.54.05 | 1.75+.10|2.0+.05| 4.0+.10] 1.55+.05| .30+.10| 6.44.10 | 5.24.10 |2.1+.10| 1.55+.05| 30 

S$O-14 

(Narrow) 164.30| 8.04.10 | 7.54.10 | 1.75+.10|/2.0+.05]4.0+.10] 1.55+.05| 304.10] 6.54.10 | 9.04.10 |} 2.14.10] 1.55+.05] 40 
16+.30/12.04.10] 7.54.10 | 1.75+.10| 2.04.05] 4.0+.10/1.55+.05|.30+.10} 10.94.10} 9.54.10 |3.0+.10] 1.55+.05] 40 

SO-16 

(Narrow) 164.30) 8.04.10 | 7.54.10 | 1.75+.10| 2.04.05] 4.04.10] 1.55+.05] 304.10] 6.54.10 | 10.34.10 | 2.14.10] 1.55+.05]| 40 
164.30] 12.04.10] 7.54.10 | 1.75+.10]2.0+.05/ 4.04.10] 1.55+.05] .30+.10] 10.94.10} 10.76+.10| 3.04.10] 1.55+.05] 40 
12.04.10] 11.54.10] 1.75+.10] 2.04.05] 4.04.10] 1.55+.05}] .30+.10/10.9+.10) 13.34.10 | 3.04.10] 2.05+.05} 50 
244.30| 12.04.10] 11.5+.10| 1.75+.10| 2.0+.05| 4.0+.10] 1.554.05| .30+.10| 10.9+.10| 15.85+.10| 3.04.10] 2.05 +.05] 50 


Plastic Chip Carrier IC 


40 
P0028 50 


Note 1: Ap, Bo and Ko dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 
Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC conductive (less than 105 Ohms/Sq). 

Note 4: Cover tape materia! shall be polyester (30-65 grams peel-back force). 

Note 5: D, Dimension is centered within cavity. 

Note 6: All dimensions are in millimeters. 


REEL DIMENSIONS 
MAX 


ci 
FULL RADIUS 
a 


STARTM* Surface Mount Tape and Reel 
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Short-Form Procurement Specifications (continued) 


| Nqiny |g | Tmax) | 


12mmTape | SO-8(Narrow) | (13.00) 512+.002 | .795 1.969 | 0.488708 | 724 
(330) 1340.05 | 202 50 “12.42 18.4 


16 mm Tape 


SO-14 (Narrow) 

SO-14 (Wide) 

SO-16 (Narrow) — 
SO-16 (Wide) 620) 
PCC-20 


SO-20 (Wide) (13.00) 
(330) 


24 mm Tape 
SO-24 (Wide) 
PCC-28 


512+ .002 795 1.969 
13+£0.05 20.2 50 


.512+.002 795 1.969 
1340.05 20.2 50 


32mm Tape | PCC-44 (19.00) | .059 | .512+.002 | .795 1.969 | 1.276¢ =o 
(330) 1.5 1340.05 | 202 50 “92.4t2 


Units: 


Inches 
Millimeters 


Material: Paperboard (Non-Flaking) 


LABEL 

Human and Machine Readable Label is provided on reel. A 
variable (C.P.I) density code 39 is available. NSC STD label 
(7.6 C.P.L) 

FIELD 

Lot Number 

Date Code 

Revision Level 

National Part No. 1.D. 

Qty. 

EXAMPLE 


LOT ; DATE _ REVISION 
NUMBER CODE NUMBER 


LOT: EPb39363K027 D/C Mab4uy Rs 


NSPNE“MN?4HCOeN /63 atTy: 2500 


ti HN, 4008 8B aT 


NATIONAL SEMICONDUCTOR PART NUMBER 





TL/XX/0061-11 
Fields are separated by at least one blank space. 


Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the 
tape. (This tape label is not available on current production.) 
National Semiconductor will also offer additional labels con- 
taining information per your specific specification. 


Wave Soldering of Surface 
Mount Components 


ABSTRACT 


In facing the upcoming surge of “surface mount technolo- 
gy’, many manufacturers of printed circuit boards have tak- 
en steps to convert some portions of their boards to this 
new process. However, as the availability of surface mount 
components is still limited, may have taken to mixing the 
lead-inserted standard dual-in-line packages (DIPs) with the 
surface mounted devices (SMDs). Furthermore, to take ad- 
vantage of using both sides of the board, surface-mounted 
components are generally adhered to the bottom side of the 
board while the top side is reserved for the conventional 
lead-inserted packages. If processed through a wave solder 
machine, the semiconductor components are now subject- 
ed to extra thermal stresses (now that the components are 
totally immersed into the molten solder). 


A discussion of the effect of wave soldering on the reliability 
of plastic semiconductor packages follows. This is intended 
to highlight the limitations which should be understood in 
the use of wave soldering of surface mounted components. 


ROLE OF WAVE-SOLDERING IN 
APPLICATION OF SMDs 


The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex- 
ists for retaining the use of the old wave-soldering machine. 
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Surface Mount 


Wave Soldering of Surface Mount Components (Continued) 


The reasons being: 


1) Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology 
such as vapor phase soldering requires substantial in- 
vestment in equipment and people. 


Due to the limited number of devices that are surface 
mount components, it is necessary to mix both lead in- 
serted components and surface mount components on 
the same board. 


Some components such as relays and switches are 

made of materials which would not be able to survive the 

temperature exposure in a vapor phase or IR furnace. 
PW BOARD ASSEMBLY PROCEDURES 


There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 


a) Whether to mount ICs on one or both sides of the board. 


b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or combination of two or more 
methods. 


The various processes that may be employed are: 
A) Wave Solder before Vapor/IR reflow solder. 
1. Components on the same side of PW Board. 


Lead insert standard DIPS onto PW Board Wave 
solder (conventional) 


Wash and lead trim 
Dispense solder paste on SMD pads 
Pick and place SMDs onto PW Board 
Bake 
Vapor phase/IR reflow 
Clean 
. Components on opposite side of PW Board. 
Lead insert standard DIPs onto PW Board 
Wave Solder (conventional) 
Clean and lead trim 
Invert PW Board 
Dispense solder paste on SMD pads 


Dispense drop of adhesive on SMD sites (optional 
for smaller components) 


Pick and place SMDs onto board 
Bake/Cure 
Invert board to rest on raised fixture 
Vapor/IR reflow soldering 
Clean 
B) Vapor/IR reflow solder then Wave Solder. 
1. Components on the same side of PW Board. 


Solder paste screened on SMD side of Printed 
Wire Board 


Pick and place SMDs 

Bake 

Vapor/IR reflow 

Lead insert on same side as SMDs 
Wave solder 

Clean and trim underside of PCB 
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C) Vapor/IR reflow only. 

1. Components on the same side of PW Board. 
Trim and form standard DIPs in “gull wing” config- 
uration 
Solder paste screened on PW Board 
Pick and place SMDs and DIPs 
Bake 
Vapor/IR reflow 
Clean 

. Components on opposite sides of PW Board. 
Solder paste screened on SMD-side of Printed 
Wire Board 
Adhesive dispensed at central location of each 
component 
Pick and place SMDs 
Bake 
Solder paste screened on all pads on DIP-side or 
alternatively apply solder rings (performs) on 
leads 
Lead insert DIPs 
Vapor/IR reflow 
Clean and lead trim 

D) Wave Soldering Only 

1. Components on opposite sides of PW Board. 
Adhesive dispense on SMD side of PW Board 
Pick and place SMDs 
Cure adhesive 
Lead insert top side with DIPs 
Wave solder with SMDs down and into solder bath 
Clean and lead trim 

All of the above assembly procedures can be divided into 
three categories for I.C. Reliability considerations: 


1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 


2) Components are subjected to only a vapor phase/IR 
heat cycle. 


3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 


Of these three categories, the last is the most severe re- 
garding heat treatment to a semiconductor device. Howev- 
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo- 
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper- 
ation) or be partially immersed while in a ‘pallet’ where auto- 
matic wave or DIP soldering processes are used. It is, there- 
fore, possible to subject SMDs to solder heat under certain 
conditions and not cause catastrophic failures. 





Wave Soldering of Surface Mount Components (Continue) 


THERMAL CHARACTERISTICS OF 
MOLDED INTEGRATED CIRCUITS 


Since Plastic DIPs and SMDs are encapsulated with a ther- 
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy- 
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper- 
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 7. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem- 
peratures exceeding its glass transition temperature. Metals 
(as used on lead frames, for example) do not have this char- 
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 


In any good reliable plastic package, the choice of lead 
frame material should be such to match its thermal expan- 
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal lead frame in a manner similar to that observed on bi- 
metallic thermal range. 


In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the expoxy-metal interface. Howerver, if the 
package is subjected to temprature above its glass-tran- 
sition temperature, the epoxy will begin to expand much 
faster than the metal and the probability of separation is 
greatly increased. 


CONVENTIONAL WAVE-SOLDERING 


Most wave-soldering operations occur at temperatures be- 
tween 240-260°C. Conventional epoxies for encapsulation 
have glass-transition temperature between 140-170°C. An 
1.C. directly exposed to these temperatures risks its long 
term functionality due to epoxy/metal separation. 


Fortunately, there are factors that can reduce that element 
of risk: 


1) The PW board has a certain amount of heat-sink effect 
and tends to shield the components from the tempera- 
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem- 
perature between 120-150°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 


In conventional soldering, only the tip of each lead in a 
DIP would experience the solder temperature because 
the epoxy and die are standing above the PW board and 
out of the solder bath. 


THERMAL EXPANSION 
ARBITRARY UNITS 


EFFECT ON PACKAGE PERFORMANCE BY 
EPOXY-METAL SEPARATION 


In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil- 
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera- 
ture. If separation occurs, the flux residues and acid resi- 
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metallization over 
time and premature failure of the device in the field. 


VAPOR PHASE/IR REFLOW SOLDERING 


In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Operat- 
ing temperatures are 215°C (vapor phase) or 240°C (IR) and 
duration may also be longer (30 sec-60 sec). On the same 
theoretical basis, there should also be separation. However, 
in both these methods, solder paste is applied to the pads 
of the boards; no fluxes are used. Also, the devices are not 
immersed into the hot solder. This reduces the possibility of 
solder forcing itself into the epoxy-lead frame interface. Fur- 
thermore, in the vapor phase system, the soldering environ- 
ment is “oxygen-free” and considered “contaminant free”. 
Being so, it could be visualized that as far as reliability with 
respect to corrosion, both of these methods are advanta- 
geous over wave soldering. 


BIAS MOISTURE TEST 


A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a stream chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with- 
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to fail. 


This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 85°C and 


' 
' An 420=4.6 


100 110 120 130 140 150 160 1170 180 


Tg TL/XX/0061-12 


FIGURE 1. Thermal Expansion and Glass Transition Temperature 
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Wave Soldering of Surface Mount Components (Continued) 


85% relative humidity. Once cycle of. approximately 100 
hours has been shown to be equivalent to 2000 hours in the 
85/85 condition. Should the packages start to fail within the 
first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2000 hours of operation. 


Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac- 
tured and the workmanship or reliability standards. General- 
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 


TEST RESULTS 


The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per- 
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave-soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. . 


TABLE IV. Vapor Phase vs. Wave Solder 


1. Vapor phase (60 sec. exposure @ 215°C) 
= 9 failures/1723 samples 
= 0.5% (average over 32 sample lots) 
2. Wave solder (2 sec total immersion @ 260°C) 
= 16 failures/1201 samples 
= 1.3% (average over 27 sample lots) 
Package: SO-14 lead 


Test: Bias moisture test 85% R.H., 
85°C for 2000 hours 

Device: LM324M 

In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder- 
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4000 hours 85/85 test. 
Results were compared for packages by itself against pack- 
ages which were surface-mounted onto a FR-4 printed wire 
board. 





TABLE V. Summary of Wave Solder Results 
(85% R.H./85°C Bias Moisture Test, 2000 hours) 
(# Failures/Total Tested) 


| | Unmounted | Mounted _| 
swenoo | — |e 


Package: SO-14 lead 
Device: LM324M 


Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the package 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In the second case where the pack- 
ages were mounted, the effect of severe temperature excur- 
sion was reduced. In any case, because of the repeated 
treatment, the package had failures when subjected in ex- 
cess of 6 seconds immersion in hot solder. The safety mar- 
gin is therefore recommended as maximum 4 seconds im- 
mersion. If packages were immersed longer than 4 sec- 
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 

Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var- 
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6000 hours in a 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 


TABLE VI. U.S. Manufacturers Integrated Circuits 
Reliability in Various Solder Environments 
(# Failure/Total Tested) 


Wave 
Solder 
10 sec 


Manuf A 12/30" | 16/30* 
Manuf B 22/30* | 20/30* 
Manuf C 0/30 0/30 


Manuf D 14/30* 
Manuf E 0/30 
Manuf F 0/30 
Manuf G 0/30 


*Corrosion-failures 


Package 
SO-8 


**No Visual Defects—Non-corrosion failures 


Test: Accelerated Bias Moisture Test; 85% R.H./85°C, 6000 equivalent 
hours. : ‘ 


SUMMARY 


Based on the results presented, it is noted that surface- 
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be- 
ing totally immersed in a hot solder wave during printed cir- 
cuit board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer- 
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem- 
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi- 
al. The results indicate that one should limit the immersion 
time of package in the solder wave to a maximum of 4 sec- 
onds in order to truly duplicate the reliability of a DIP. As the 
package size is reduced, as in a SO-8 lead, the requirement 
becomes even more critical. This is shown by the various 
manufacturers’ performance. Results indicate there is room 
for improvement since not all survived the hot solder immer- 
sion without compromise to lower reliability. 





Small Outline (SO) Package Surface Mounting Methods— 
Parameters and Their Effect on Product Reliability 


The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 


COMPONENT SIZE COMPARISON 
S.O. Package 


—+| |~— TYPICALLY 0.050” LEADSPACING 


TL/XX/0061-13 


Standard DIP Package 





—| |-- TYPICALLY 0.100” LEADSPACING 

TL/XX/0061-14 
Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 


SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 


V+=15VCMOS 
30V BIPOLAR 
85% RH/85°C 
TEST CONDITION ¢ 


a 
son! 


FAILURE RATE 


2000 4000 6000 


TEST TIME (HRS) 
TL/XX/0061~15 
FIGURE A 


In order to achieve reliability performance comparable to 
DIPs—SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85% /85°C testing. 


SURFACE-MOUNT PROCESS FLOW 


The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 


Usual variations encountered by users of SO packages are: 
© Single-sided boards, surface-mounted components only. 


¢ Single-sided boards, mixed-lead inserted and surface- 
mounted components. 


® Double-sided boards, surface-mounted components only. 


¢ Double-sided boards, mixed-lead inserted and surface- 
mounted components. 


In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 


PRODUCTION FLOW 


Basic Surface-Mount Production Flow 


SOLDER PASTE 
SCHEEN 


INVERT 
BOARD 


DEVICE 
PLACEMENT 


VAPOR-PHASE 
SOLDERING 


CLEANING 


INSPECTION & 


ELECTRICAL 
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Surface Mount 


Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 


SUBSTRATES 


DEVICE 
PLACEMENT 


AUTO-LEAD 
INSERTION 
WAVE 
SOLDERING 
CLEANING 
INSPECTION & 
REWORK 


ELECTRICAL 
TEST 


THERMAL EXPANSION 


COMPONENTS 
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AL = 420a= 


100 110 120 130 140 150 


Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 


SOLDER TEMPERATURE 260°C 


SURFACE MOUNTED 


STANDARD 
DIP PACKAGE 


0123 45 6 7 8 9 10 SEC. 


DWELL TIME 


TL/XX/0061-18 
FIGURE B 


For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (Tg) of epoxy (typically 160-165°C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 


46 ! 


160 1170 180 
Tg 


T(°C) 
FIGURE C 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 
Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 


Group 1— Standard DIP package 


Group 2— SO packages vapor-phase reflow soldered on 
PC boards 


Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4— dwell time 4 seconds 

5— dwell time 6 seconds 

6— dwell time 10 seconds 


#5(6 SEC) 


#4(4 SEC) 


# 
3 
tal 
& 
3 
iz 


#3(2 SEC) 
2 #2(V=PH) 
1=STD 
2000 4000 6000 


TEST TIME (HRS) 
TL/XX/0061-20 
FIGURE D 


It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 


When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 


PICK AND PLACE 


The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 
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The basic component-placement systems available are 
classified as: 


(a) In-line placement 
— Fixed placement stations 


— Boards indexed under head and respective compo- 
nents placed 


(b) Sequential placement 


— Either a X-Y moving table system or a @, X-Y moving 
pickup system used 


—Individual components picked and placed onto boards 
(c) Simultaneous placement 
— Multiple pickup heads 


— Whole array of components placed onto the PCB at 
the same time 


(d) Sequential/simultaneous placement 
— X-Y moving table, multiple pickup heads system 
— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 
Pick and Place Action 
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BAKE 


This is recommended, despite claims made by some solder 
paste suppliers that this step be omitted. 


The functions of this step are: 

© Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

© Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

© Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

e Removes solvents which might otherwise contaminate 
other equipment. 

¢ Initiates activator cleaning of surfaces to be soldered. 


© Prevents moisture absorption. 
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Surface Mount 


The process is moreover.very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 


* The flux will degrade and affect the characteristics of the 
paste. 


© Solder globules will begin to oxidize and cause solderabili- 
ty problems. 


© The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 


REFLOW SOLDERING 


There are various methods for reflowing the solder paste, 
namely: 


© Hot air reflow 

® Infrared heating (furnaces) 

¢ Convectional oven heating . 
© Vapor-phase reflow soldering 
¢ Laser soldering 


For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 


HOT GAS REFLOW/INFRARED HEATING 


A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 


The boards are preheated to about 100°C and then subject- 
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 


Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 


VAPOR-PHASE REFLOW SOLDERING 


Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 


The commonly used fluids (supplied by 3M Corp) are: 

¢ FC-70, 215°C vapor (most applications) or FX-38 

¢ FC-71, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 

this technique, with two options: ; 

¢ Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 


© In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 


Dwell time in the vapor is generally on the order of 15-30 


seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 


In-LIne Conveyorized Vapor-Phase Soldering 
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LIQUID 
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The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 
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Batch-Fed Production Vapor-Phase Soldering Unit 
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Solder Joints on a SO-14 Package on PCB 
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PRINTED CIRCUIT BOARD 


The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 


The package can be reliably mounted onto substrates such 
as: 


¢ G10 or FR4 glass/resin 


¢ FR5 glass/resin systems for high-temperature 
applications 


© Polymide boards, also high-temperature 
applications 


¢ Ceramic substrates 
General requirements for printed circuit boards are: 


e Mounting pads should be solder-plated whenever 
applicable. 


¢ Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 


The mask also protects circuits from processing chemical 
contamination and corrosion. 


If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 


Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 


General requirements for solder mask: 
— Good pattern resolution. 


— Complete coverage of circuit lines and resistance to 
flaking during soldering. 


— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 


— Compatible with soldering and cleaning requirements. 


SOLDER PASTE SCREEN PRINTING 


With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 


Solder Joints on a SO-14 Package on PCB 
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The typical lithographic “footprints” for SO packages are 
illustrated below. Note that the 0.050” lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 


Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 


The setup for SO packages has no special requirement 


from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 


e Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material. 


e Use squeegee of Durometer 70. 

¢ Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

e Use solder paste of mesh 200-325. 

¢ Emulsion thickness of 0.005” usually used to achieve a 
solder paste thickness (wet) of about 0.008” typical. 

¢ Mesh pattern should be 90 degrees, square grid. 


© Snap-off height of screen should not exceed 4” , to avoid 
damage to screens and minimize distortion. 


SOLDER PASTE 


Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 


¢ Particle sizes (see photographs below). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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¢ Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 


Surface Mount 


RECOMMENDED SOLDER PADS FOR SO PACKAGES 
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¢ Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 


® RMA flux system usually used. 
© Use paste with aproximately 88-90% solids. 


SO-16L, SO-20 


ion 
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Comparison of Particle Size/Shape of Various Solder Pastes 
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Comparison of Particle Size/Shape of Various Solder Pastes (Continued) 


Solder Paste Screen on Pads 200 x Fry Metal (63/37) 
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Surface Mount 


CLEANING 


The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 


Important considerations in cleaning are: 


® Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 


© A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 


Freon TMS (general purpose) 
Freon TE35/TP35 (cold-dip cleaning) 
Freon TES (general purpose) 


It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel- 
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 

Kester 5120/5121 


¢ A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 


© For volume production, a conveyorized, multiple hot sol- 
vent spray/jet system is recommended. 


© Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 


The dangers of an inadequate cleaning cycle are: 

lon contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

© Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 


REWORK 


Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 


Hot-Air Solder Rework Station 
MASK 


RETRACT POSITION 


ed 
HEAT SHIELD 


BOARD ON X-Y TABLE 
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lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After peing placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 


WAVE SOLDERING 


In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 


Two options are used: 


e Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 


e Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 


Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 


The controls required for wave soldering are: 


¢ Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 


® RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 


© Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100°C just before entering the solder wave. 


® Due to the closer lead spacings (0.050” vs 0.100” for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes ‘‘shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 





Mixed Surface Mount and Lead Insertion 
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A typical dual-wave system is illustrated below, showing the 


various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where ‘‘shadowing”’ occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “‘icicles,” and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 


AQUEOUS CLEANING 


® For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

¢ For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 


¢ Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 


¢ Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 
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(b) Opposite Sides 


AIR KNIFE 
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SOLDER FLOW 
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Dual Wave 
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CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 

to provide insulation resistance, as well as protection 

against contamination and degradation by moisture. 

Requirements: 

* Complete coating over components and solder joints. 

© Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

© Compatibility and possess excellent adhesion with PCB 
material/components. 

e Silicones are recommended where permissible in 
application. 
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Surface Mount 


SMD Lab Support 
FUNCTIONS 


Demonstration—tntroduce first-time users to surface- 
mounting processes. 


Service—Investigate problems experienced by users on 
surface mounting. 


Reliability Builds—Assemble surface-mounted units for re- 
liability data acquisition. 
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Techniques—Develop techniques for handling different 
materials and processes in surface mounting. 


Equipment—in conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 
In-House Expertise—Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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Appendix A 
Military Aerospace Programs 
from National Semiconductor 


This appendix is intended to provide a brief overview of mili- 
tary products available from National Semiconductor. For 
further information, refer to our 1987 Reliability Handbook. 


MIL-M-38510 


The MIL-M-38510 Program, which is sometimes called the 
JAN IC Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government- 
controlled specifications in government-certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC’s Qualified Products List (QPL) be- 
fore devices can be marked and shipped as JAN product. 


There are two processing levels specified within MIL-M- 
38510: Classes S and B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table Ill. 


Tables | and II explain the JAN device marking system. 


Copies of MIL-M-38510, the QPL, and other related docu- 
ments may be obtained from: 


Naval Publications and Forms Center 
5801 Tabor Avenue 

Philadelphia, PA 19120 

(212) 697-2179 


DESC Specifications 


DESC specifications are issued to provide standardized ver- 
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con- 
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National’s DESC specification offerings can 
be obtained from our franchised distributors, sales offices, 
or DESC. DESC is located in Dayton, Ohio. 


MIL-STD-883 


Although originally intended to establish uniform test meth- 
ods and procedures, MIL-STD-883 has also become the 
general specification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In- 
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par- 
agraph 1.2.1 of MIL-STD-883. 


National offers both 883 Class B and 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table Ill. 


As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa- 
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor- 
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con- 
trolled by our QA department. Individual copies are available 
upon request. 


Some of National’s older products are not completely com- 
pliant with MIL-STD-883 but are still required for use in mili- 
tary systems. These devices are screened to the same 
stringent requirements as 883 product but are marked 
“SMIL”. 


Military Screening Program (MSP) 


National’s Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta- 
ble Ill but are not subjected to Group C and D quality con- 
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 
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Appendix A—Military Aerospace Programs from National Semiconductor 


TABLE I. The MIL-M-38510 Part Marking 


JM38510/XXXXXYYY 


i Lead Finish 
A=Solder Dipped 
B=Tin Plate 
C=Gold Plate 
X=Any lead finish above 
ts acceptable 


Device Package 
(see Table 1!) 


Screening Level 
S, B, or C 


Device Number on 
Slash Sheet 


Slash Sheet Number 


For radiation hard devices 
this slash Is replaced by the 
Radiation Hardness Assurance 
Designator (M,D,R, or H per 
paragraph 3.4.1.3 of MiL=M= 
38510) 


MIL=M=38510 


JAN Prefix — 
(which may be applied only to 
@ fully conformant device per 
paragraphs 3.6.2.1 and 3.6.7 of 
MIL=M=38510) 
TL/00/2801-1 


TABLE II. JAN Package Codes 


38510 
Package 
Designation 


Microcircuit Industry 
Description 


14-Pin 1/4” X 1/4” (metal) flat pack 
14-Pin 3/16” X 1/4” flat pack 
14-Pin 1/4” X 3/4” dual-in-line 
14-Pin 1/4" X 3/8” (ceramic) flat pack 
16-Pin 1/4” X 3/8" dual-in-line 
16-Pin 1/4” X 3/8” (metal or ceramic) 
flat pack 
8-pin TO-99 can or header 
10-pin 1/4” x 1/4” (metal) flat pack 
10-pin TO-100 can or header 
24-pin 1/2” x 1-1/4” dual-in-line 
24-pin 3/8" x 5/8” flat pack 
24-pin 1/4” x 1-1/4” dual-in-line 
12-pin TO-101 can or header 
(Note 1) 
8-pin 1/4” x 3/8” dual-in-line 
40-pin 3/16” x 2-1/16” dual-in-line 
20-pin 1/4” x 1-1/16” dual-in-line 
-20-pin 1/4” x 1/2” flat pack 
(Note 1) 
(Note 1) 
18-pin 3/8” x 15/16” dual-in-line 
22-pin 3/8” x 1-1/8” dual-in-line 
(Note 1) 
(Note 1) 
(Note 1) 
20-terminal 0.350” x 0.350” chip carrier 
28-terminal 0.450” x 0.450” chip carrier 
Note 1: These letters are assigned to packages by individual detail specifi- 


cations and may be assigned to different packages in different specifica- 
tions. 


A 
B 
Cc 
D 
E 
F 
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TABLE Ill. 100% Screening Requirements 
Class B 


| Clases 
ao | Method | Reamt | Method 
Water Lot Acceptance jso7 tots | 
Nondestructive Bond Pull 120230 ti(‘i‘“L tM | 
Internal Visual (Note 1) 100% 


. Stabilization Bake 1008, Condition C, 100% | 1008, Condition C, 100% 
24 hrs. Min. 24 hrs. Min. 


Temp. Cycling (Note 2) 1010, Condition C 100% | 1010, Condition C 100% 


Constant Acceleration 2001, Condition E (Min.) 100% | 2001, Condition E, (Min.), | 100% 
Y; Orientation Only Y; Orientation Only 
Visual Inspection (Note 3) po tore | 100% 


Particle Impact Noise Detection (PIND) 2020,ConditionA(Note4)| 100% | = | 
Serialization 100% 


Interim (Pre-Burn-In) Electrical Per Applicable Device 100% | Per Applicable Device 
Parameters Specification (Note 13) Specification (Note 6) 


Burn-in Test 1015 100% | 1015 
240 Hrs. @ 125°C Min. 160 Hrs. @ 125°C Min. 
(Cond. F Not Allowed) 


Interim (Post-Burn-In) Electrical Per Applicable Device 100% 

Parameters Specification (Note 13) 

Reverse Bias Burn-In (Note 7) 1015; Test Condition A,C, } 100% — 
72 Hrs. @ 150°C Min. 
(Cond. F Not Allowed) 
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PDA Calculation 5% Parametric (Note 14), | AllLots | 5% Parametric (Note 14) | All Lots 
3% Functional — 25°C 


Final Electrical Test Per Applicable Device Per Applicable Device 
a) Static Tests Specification Specification 
1) 25°C (Subgroup 1, Table |, 5005) 
2) Max & Min Rated Operating Temp. 
(Subgroups 2, 3, Table I, 5005) 
b) Dynamic Tests & Switching Tests, 25°C 
(Subgroups 4, 9, Table I, 5005) 
c) Functional Test, 25°C 
(Subgroup 7, Table !, 5005) 
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TABLE Ill. 100% Screening Requirements (Continued) 


Class B 


peer | casss 
| Method | Reqmt | Method | Regmt 
17. Seal Fine, Gross 1014 100%, (Note 8) | 1014 100%, (Note 9) 
18. Radiographic (Note 10) 2012 Two Views 100% os el _ 


19. Qualification or Quality Conformance (Note 11) (Note 11) Samp. 
Inspection Test Sample Selection ; 
20. External Visual (Note 12) 2009 100% | | 100% 


Note 1: Unless otherwise specified, at the manufacturer’s option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g. bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 


Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 


Note 3: At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 


Note 4: The PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-M-38510, paragraph 4.6.3. 
Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 
Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 


Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 


Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 


Note 9: For Class B devices, the fine and gross seal tests shall be performed separate or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g. flatpacks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each 
inspection lot following these operations. If the sample fails, 100% rescreening shall be required. 


Note 10: The radiographic screen may be performed in any sequence after step 19. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005 

Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and Record when past burn-in delta measurements are specified. 

Note 14: PDA shall apply to all static, dynamic, functional, and switching measurements at either 25°C or maximum rated operating temperature. 





Military CMOS Products Available From National Semiconductor 
Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


HC MIL/AERO Flows HC MIL/AERO Flows 


| Device | -mn_| ress | pesc/smo | yan | | device _| wn | esa | vescvsmp | Jan | 
joo | | xe | ee | Lows Pe |e 
poo | | x | eT x | fos | TT 
pHoos {| | x | | oe || 
poo | Te |x TL ogo PT 
Ee a a (eS 
ee ee ee prow | | x | x | 
pros | | x [| 
| Hoio7 || ae ee ee ee ee 
pros | | x | x 
puoi | ee 
a 
PuGHe aI 2 UNG A ee), | meer ee 
pHoea | | x | x TL ceo Pe | 
pois | febeeas |i eel rh! 
Ee ae ee ee eee 
ae a ae 
ae ae Ee ee ee 
Ria a ee 


ro 
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jHoast | | x [x 
j Hoss | | x | 
jHoas7 | | x fx 
ptcess | ff 


x< 


x 


| Hoaeea | | 


Hoes | 


HC280 


| Ho260 _ | 
| Hozes | 


ere pee 


*Some older products are not completely compliant with MIL SIPS 883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked ‘'-MIL 
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Military CMOS Products Available From National Semiconductor 
Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


HC MIL/AERO Flows 


| Device | -mi_| /e63 | Desc/smp | JAN | 
pHoss | |e | eT 
pHoss | | x | x | 
pHosso | |e |x 
pHoses || ek |x 
| Hoaooe | | xe |x 
pros | | | 
pHoaor7 | |e |x| 
| Hoaao | | «x | CT 
ee a ee ee 
ee ee ee ee ee 
joao | |e | 
pHoaso | | x | x 
pHoast | | | 
j Howse [| | | 
ee ee ee ee ee 
p Hose | | x || 
proses | | | 
2 
j Hoare | | x | TT 

How | | x | 
pHowsa | | x | OT 
prose || | 
pHoasiy | | «| 
pHoasie | | x | 
pHoasss | | x | 
pHoasas | {| x | 
ce a ee eee Ieee 
pHs | | | 
jHosss | | ek |x 
pHosea | x | | 
pHoswo | | | 
pHosas | || 
proses | | x [ 
pHoses [| | xe | 
proses | | x | 
juosrs | | «x | 
pHoss | OT x | 
pHoso | | | 
[Hoses | | | 


HC MIL/AERO Flows 


| Device | -miL_| /e83 | Desc/sMD | JAN | 
jHosor | | | 
j Hose | || 
p Hoses | | | 
p Hose | | x | 
p Hoses || x | 
j Hoss | | x | 
pHoses | || 
ee ee er ea ee 
pHoress | | x | 
PCa a ( ( 
ee ee ee 
Hors | | «| «kT 
Ee ame ee a Pe 
ae ae eae ee ee ee 

nose | | x | x 
er ae es ee 
fewieid. Jie ae: She elle 
fier Ie Sa SS ge 
pHoros | | 
Horo | | | 
pHoriog | | 
Eres ae a ee ee 
es ae es ae 
erage fe ell ed 
puerta? | | | 
cr a Ce ees 
pore | | TT 
[ccs ae el ee eS 
pretiss | [| 
pHoriss | | | 
pHoris7 | | | 
ce a a ee 
pHotig | | | 
pHories | | | 
pHoriee | | | 
Fe a a ee 
pHories | | | 
jueves | | | 
pHories | || 


*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 


stringent requirements as 883 product but are marked ‘-MIL”. 





Military CMOS Products Available From National Semiconductor 


Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


HC MIL/AERO Flows 


| Device | wi. | /eas_| vescvsmo | JAN | 
pHories | {| 
jHetioo | TT 
pHorios | fT 
| Horie | | tT 
Ee ae a ee ee 
puoro | | x | 
| Horas | | x | CT 
j Horas | | x | 
pHorass | | x | 
fHerast | | | 
jHorass | [| 
jHoras7 | [| | 
re ee ae) ee ee 
ee a 2 ee 
ea ee ae 


HC MIL/AERO Flows 


| Device | -mit_| /a83 | pesc/smo | JAN | 
pxorsa | | | 
pxorsa | | x | 
jHorsva | | x | 
a es (eens ee 
jHorsss | | | 
| Horses | | | 
pHorseo | | TT 
pHorses | | | 
j Hore | | | 
jHoress | | | 
jHoress | | x | 
pHors | | | 
a a 
j Hous | | x | ae 


*Some older products are not completely compliant with MIL- STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL 
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Appendix A—Military Aerospace Programs from National Semiconductor 


Military CMOS Products Available From National Semiconductor © 


Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


C MIL/AERO Flows. 


|_Device | -wit_| /assc | pesc/swo | JAN | 
|mmsacoo | | x | 
jmmsacoe | | x | 
jmmsacos | | x | 
-mmsacos | | x | ox [| 
pmmsacio | | x | 
pmmsacto7 | x | | | 
pmmsccta | | x | 
pmmsactsa | | x | 
jmmsacisa | x | | 
pmmsacis7 | | x | 
pmmsacieo | | x | 
pwwsacret | | x | 
pmmsacree | x | | | 
pmwsactes | | x | 
|mmsactea | | x | 
pmmscctes | x | | 
emmscct7a | | x | 
|mmsaci7a | | x | 


|mmsacizs | | x | 
pmmsactoa | | x | 
pmmsactaa | | x | 


pMmsactos | | x | 
|mmsacaoo | | x | 
|mmsaceat | | x | 
_Musaceaa | x | | 
_mmsacoo | | x | | 


C MIL/AERO Flows 


pecs [me | 70030 | vesoveo | Jaw 
Peace | | ef 
Puweacsrs | | x | 
Pescara | | x | 
Pesce | [x | 
Pwsaces | [x | 
Puwsacra | | x | 
Peace | «| 
Pesca | | x | 
Pmeaces | [x | 
Pesces | [x [i 
Pmsaceo | |» | 
Pimeaceo | [x | i 
Pacer | [x | i 
Psacoe | |e | 
Pescoos | |» [i 
Peacens | [x [i 
Peaceor | |» || 
wmeacora |e 
Peaceze | [x [i 
Pmescaes | x || 
Pumeaconn |x | | 
Process |x [| id 
Punrocsr |x | | si 
Pinrocss | x [| id 
Pwreces | x | |i 
Pwwrecoo [x | | + +d 


x 


x 


x 


x 


x 


x 


x“ 


x 


x 


*Some older products are not completely compliant with MIL- “STD- 883 but are still required for use in military systems. These devices are screened to the same 
IL’ 


stringent requirements as 883 product but are marked ‘‘-M 





Military CMOS Products Available From National Semiconductor 


Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


CD4000 MIL/AERO Flows 


| Device | wi | /ee3 | pescvswp | JAN | 
jcosore | | x [ 
| cosooza | | Tx 
| coaoozs | | x | 
| coaoosa | | Tx 
coaooes | | x | 
| cosoora | | x |x 
jcosoos | | TT 
joao | | x | 
pcotoa | | TT 
pcos | | Tx 
fcoane | | x | 
jcoarea | | | 
j cose | | x | 
ooasa | | Tx 
joo | | x fx 
jcoaoraa | | | 
| costa | | x | 
jooasa | | | x 
cows | | | 
| cones | x | | | 
jcosra | | Tx 
pcos | | x | 
_ooaorsa | | | x 
cores | x | | x | 
jcoara | | | x 
jcoars | | x | x 
jooaozoa | | | x 
| coaoaos | | x | 
jooaoata | | | x 
cosas | | | 
jooaovea | | | x 


CD4022B 


| 
jcoaoata | | | x 
ee 
ooaoasa | | Tx 
| coaozsa | | x | x 


*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
Stringent requirements as 883 product but are marked “-MIL”. 


CD4000 MIL/AERO Flows 


| Device | -wit_| /e83 | Desc/swD | JAN | 
joose7a | [| | x 
joowee | | x | | 
jopazes | | x | | 
pops | | x | «x | 
popwosoa | | x [x 
joowsie | x | | | 
pops | x | | | 
joowaon | | x | «x || 
emia = [ae 
jepaae [| | 
joo | | | 
jonas | | | 
jones | | | 
joowee | | x | | 
jopaoass | x | | | 
popoasa | | | x 
pooaesus | | x | | 
jopaosoa | [| | x 
jooason | | x | x | 
poowsie | | x | | 
jooasen | | x | x | 
joposse | | x | 
jooscos | x | | | 
jooasss | | x | | 
jooseoa | | x | | 
jooo7on | | x | | 
pooore | | x | 
joooree | | | 
jcoorea | | x | | 
joosorss | | x | | 
joosores | | x | | 
pcos | | x | | 
PT 
joosses | | | | 
jcososs | | x | x | 
| cows | | | 
jopwese | | x | | 





JOJONPUODIWAS |BUOI}EN wos swesbolg adedsolay Asey|iWW¥—y Xipuaddy 


Appendix A—Military Aerospace Programs from National Semiconductor 


Military CMOS Products Available From National Semiconductor 


Listed below are the military class B CMOS devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


CD4000 MIL/AERO Flows 


| Device | -w_| 783 | pesc/smp | JAN 
jopsoroes | | x | x 
popaoreos | x | | | 
Lomo | | x {| 
popaoreas | x | | | 
popaoress | | x | | 
popaoras | | x | x 
fovea | | x | 
jooaorean | | x | 
jooaoresa | | x | 
joosresa | x | | 
jopasoxs | | x | 
pooston | | | 
poostie | {| x | 
jopasiae | [| x | 
poosiae { | oj 


CD4000 MIL/AERO Flows 


| Device | -mi_| /e83 | pescvsmp | JAN | 
poosiss | | TT 
joosres | | | 
Ee 
costa | | | 
jcoaszop | | x | x | 
| coasees | | | 
| coasees | | | 
| coaseva | | | 
jooases | | x | | 
| coaszes | | | 
| cosas | | | 
jcosae | | | 
jcoasae | x | | | 
ooa7ess | | | 
joosess | x | | | 


“Some older products are not completely compliant with oe STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “ 
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Appendix B 
National’s A+ Program 


A+ Program: A comprehensive program that utilizes Na- 
tional’s experience gained from participation in the many 
Military/Aerospace programs. 


A program that not only assures high quality but also in- 
creases the reliability of molded integrated circuits. 


The A+ program is intended for users who need better than 
usual incoming quality and higher reliability levels for their 
standard integrated circuits. 


Users who specify A+ processed parts will find that the 
program: 


® Eliminates incoming electrical inspection. 


© Eliminates the need for, and thus the added cost of, inde- 
pendent testing laboratories. 


e Reduces the cost of reworking assembled boards. 
© Reduces field failures. 
Reduces equipment down time. 


© Reduces the need for excess inventories due to yield loss 
incurred as a result of processing performed at indepen- 
dent testing laboratories. 


The A+ Program Saves You Money 


It is a widely accepted fact that down-time of equipment is 
costly not only in lost hours of machine usage but also cost- 
ly in the repair and maintenance cycle. One of the added 
advantages of the A+ program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn- 
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. 

Reliability vs. Quality 

The words “reliability” and ‘‘quality” are often used inter- 
changeably, as though they connoted identical facets of a 
product's merit. But reliability and quality are different, and 
IC users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors’ programs for products improvement that are gen- 
erally available, and National’s A+ program in particular. 


The concept of quality gives us information about the popu- 
lation and faulty IC devices among good devices, and gen- 
erally relates to the number of faulty devices that arrive ata 
user’s plant. But looked at in another way, quality can in- 
stead relate to the number of faulty ICs that escape detec- 
tion at the IC vendor’s plant. 


It is the function of a vendor’s Quality Control arm to monitor 
the degree of success of that vendor in reducing the num- 
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality level (AQL) in turn determines the strin- 
gency of the sampling. As the AQL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 


The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ- 
ment. Reliability is measured by the percentage of parts that 
fail in a given period of time. 

Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those of low quality may be of high reliability. 


Improving the Reliability of Shipped Parts 


The most important factor that affects a part’s reliability is 
its construction; the materials used and the method by 
which they are assembled. 


Reliability cannot be tested into a part. Still, there are tests 
and procedures that an IC vendor can implement which will 
subject the IC to stresses in excess of those that it will en- 
dure in actual use, and which will eliminate marginal, short- 
life parts. 


In any test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 


National’s A+ Program 


National provides the A+ program as the best practical ap- 
proach to maximum quality and reliability on molded devic- 
es. The following flow chart shows how we do it step by 
step. 

SEM 


Randomly selected wafers are taken from produc- 
tion regularly and subjected to SEM analysis. 


Epoxy B Processing for All Molded Parts 


At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives, in detail, the background of Epoxy B, the 
reason for its selection at National, and reliability 
data that proves its success.) 


Six Hour, 150°C Bake 

This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, 
and helps eliminate marginal bonds and electrical 
connections. 
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National’s A+ Program (continued) 


Five Temperature Cycles (0°C to 100°C) 


Exercising each device over a 100°C temperature 
range provides an additional die and package 
stress. 


High Temperature (100°C) 
Functional Electrical Test 


A high temperature test with voltages applied 
places the die under the most severe stress possi- 
ble. The test is actually performed at 100°C—15°C 
higher than the commercial ambient limit. All de- 
vices are thoroughly exercised at the 100°C ambi- 
ent. 


Electrical Testing 


Every device is tested at 25°C for functional and 
DC parameters. 


Burn-In Test 


Each device is burned-in for 160 hours at a mini- 
mum junction temperature of +125°C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature regression 
curve based on 0.96 eV activation energy (i.e., 23 
hours at + 155°C). All burn-in done under steady- 
state conditions unless otherwise specified. 


DC Functional and Parametric Tests 
These room-temperature functional and paramet- 
ric tests are the normal, final tests through which 
all National products pass. 
Thermal Shock Monitor 
Samples from each package 
type are selected at random 
each week and submitted to 
cycles of liquid to liquid ther- 
mal shock —65°C to +150°C. In addition, sam- 
ples are selected every four weeks and subjected 
to 2000 temperature cycles of 0°C to + 25°C. 


Tighter-Than-Normal QC Inspection Plans 
Most vendors sample inspect outgoing parts to a 
0.3% AQL. When you specify the A+ program, 
we sample your parts to a 0.035% AQL at room 
temperature and 0.05% AQL at Ta Max. This eight 
times tightening (from 0.3 to 0.035% AQL) cou- 
pled with three 100% electrical tests, dramatically 
reduces the number of ‘‘escapes” and allows us 
to guarantee the AQLs listed below. 


Cc] Ship Parts 


Here are the QC sample plans used in our A+ test pro- 
gram: 7 
Test Temperature AQL 
Electrical Functionality 25°C } 
Parametric, DC 25°C 
Parametric, AC 25°C 0.1% 
Electrical Functionality Ateach ia 
: 0.05% 
Parametric, DC extreme. 
Mechanical 
Critical 0.01% 
Major 0.28% 


0.035% 
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Appendix C 
National’s Standard Processing Program 


Standard Program: A comprehensive program that as- 
sures high quality and high reliability of molded integrated 
circuits. 


National’s Standard Program Gets It All Together 


With the exception of the final QC inspection, which is sam- 
pled, all steps of the process are performed on 100 percent 
of the program parts. The following flow chart shows how 
we do it step by step. 

SEM 


Randomly selected wafers are taken from produc- 
tion regularly and subjected to SEM analysis. 


Epoxy B Processing for All Molded Parts 


At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives, in detail, the background of Epoxy B, the 
reason for its selection at National, and reliability 
data that proves its success.) 


into a combined tensile and shear stress mode, 
and helps eliminate marginal bonds and electrical 
connections. 


High Temperature (100°C) 
Functional Electrical Test 


A high temperature test such as this with voltages 
applied places the die under the most severe 
stress possible. The test is actually performed at 
100°C—15°C higher than the commercial ambient 
limit. All devices are thoroughly exercised at the 
100°C ambient. (Even though Epoxy B processing 
has virtually eliminated thermal intermittants, we 
perform this test to ensure against even the re- 
motest possibility of such a problem. 


Six Hour, 150°C Bake 
This stress places the die bond and all wire bonds 


y 


Five Temperature Cycles (0°C to 100°C) 
Exercising each device over a 100°C temperature 
range provides an additional die and package 
stress. 


DC Functional and Parametric Tests 
These room-temperature functional and paramet- 
ric tests are the normal, final tests through which 
all National products pass. 
Thermal Shock Monitor 
Samples from each package 
type are selected at random 
each week and submitted to 
cycles of liquid to liquid ther- 
mal shock —65°C to + 150°C. In addition, sam- 
ples are selected every four weeks and subjected 
to 2000 temperature cycles of 0°C to + 25°C. 


Tighter-Than-Normal QC Inspection Plans 


Sample parts to a 0.035% AQL at room tempera- 
ture and 0.05% AQL at Ta Max. 


C] Ship Parts 


Here are the QC sample plans used in our Standard Test 
Program: 
Test Temperature AQL 

Electrical Functionality 25°C } 
Parametric, DC 25°C 
Parametric, AC 25°C 0.1% 
Electrical Functionality | At each temperature 
Parametric, DC extreme. 
Mechanical 

Critical 0.01% 

Major 0.28% 


0.035% 


} 0.05% 
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Appendix D—CMOS Ordering Information 
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Appendix D 
CMOS Ordering Information 


High Speed CMOS Metal Gate CMOS 
MM74HC244N CD4011BCN 


i= 


FUNCTION 


TYPE CMOS DIGITAL (BLANK) =A SERIES 
HC =CMOS INPUT LEVELS ainciion B=B SERIES, “BUFFERED” 
HCT=TlL =" UB = UNBUFFERED 


OPERATING TEMP. RANGE OPERATING TEMP. RANGE 
74 =(~40°C TO +85°C) C=(-40°C TO +85°C) 
MOS MONOLITHIC © 54=(~55°C TO +125°C) M=(~55°C TO +125°C) 


PACKAGE PACKAGE 
INDUSTRIAL ¢ N = DUAL IN LINE PLASTIC (DIP) INDUSTRIAL ¢ N = DUAL IN LINE PLASTIC (DIP) 
TEMP { = NARROW BODY SMALL OUTLINE PLASTIC TEMP { M = NARROW BODY SMALL OUTLINE PLASTIC 
RANGE = WM = WIDE BODY SMALL OUTLINE PLASTIC 
MIL = DUAL IN LINE CERAMIC MIL J = DUAL IN LINE CERAMIC 
TEMP { = CERAMIC FLAT PACKAGE TEMP { W = CERAMIC FLAT PACKAGE 
RANGE = CERAMIC LEADLESS CHIP CARRIER RANGE E = CERAMIC LEADLESS CHIP CARRIER 


TL/XX/0062-1 TL/XX/0062-2 


WIDE BODY SMALL OUTLINE PLASTIC RANGE 


M 
WM 
J 
W 
E 


Metal Gate CMOS 
MM74C244N 


DEVICE FUNCTION 


TTL PIN FOR 
PIN FUNCTIONAL 
COMPATIBLE 
CMOS 


OPERATING TEMP. RANGE 
74=(=40°C TO +85°C) 
MOS MONOLITHIC © 54=(~55°C TO #125°C) 


PACKAGE 
INDUSTRIAL N = DUAL IN LINE PLASTIC (DIP) 
TEMP { M = NARROW BODY SMALL OUTLINE PLASTIC 
RANGE WM = WIDE BODY SMALL OUTLINE PLASTIC 
MIL J = DUAL IN LINE CERAMIC 
TEMP { W = CERAMIC FLAT PACKAGE 


RANGE E = CERAMIC LEADLESS CHIP CARRIER 


TL/XX/0062-3 





CMOS Ordering Information 
Industrial Temp. Range 


PackageID_ | Ni4a | mia | miaB | Nise | misa_| MieB | Naa | N2ac | M24B 
JN | 


Suffix 
CD4000C 
CD4001BC 
CD4001C 
CD4011BC 
CD4002BC 
CD4012C 
CD4006BC 
CD4007C 
CD4008BC 
CD4009C 
CD4010C 
CD4013BC 
CD4014BC 
CD4015BC 
CD4016BC 
CD4017BC 
CD4022BC 
CD4018BC 
CD4019BC 
CD4020BC 
CD4040BC 
CD4060BC 
CD4021BC 
CD4023BC 
CD4025BC 
CD4024BC 
CD4027BC 
CD4028BC 
CD4029BC 
CD4030C 
CD4031BC 
CD4034BC 
CD4035BC 
CD4041UBC 
CD4042BC 
CD4043BC 
CD4044BC 
CD4046BC 
CD4047BC 
CD4048BC 
CD4049UBC 
CD4050BC 
CD4051BC 
CD4052BC 
CD4053BC 
CD4066BC 


UuOdHeWIOJU] Hulaps1O SOWO—G xX!pueddy 





Appendix D—CMOS Ordering Information 


CMOS Ordering Information 
Industrial Temp. Range (Continued) 


Suffix | oN | 
CD4069UBC 
CD4070BC 
CD4071BC 
CD4081BC 
CD4072BC 
CD4082BC 
CD4073BC 
CD4075BC 
CD4076BC 
CD4089BC 
CD4527BC 
CD4093BC 
CD4094BC 
CD4099BC 
CD40106BC 
CD40160BC 
CD40161BC 
CD40162BC 
CD40163BC 
CD40174BC 
CD40175BC 
CD40192BC 
CD40193BC 
CD4503BC 
CD4510BC 
CD4516BC 
CD4511BC 
CD4512BC 
CD4514BC 
CD4515BC 
CD4518BC 
CD4520BC 
CD4519BC 
CD4522BC 
CD4526BC 
CD4528BC 
CD4529BC 
CD4538BC 
CD4541BC 
CD4543BC 
CD4584BC 
CD4723BC 


COST2AB: 2] ig a ee! 





CMOS Ordering Information 
Industrial Temp. Range (Continued) 


Package ID | Nose | N14A | M144 | m14B | Nie | mi6a | mi6B | Ni8A | N20A | 208 | N24A | N24c | M24B | N2eB | NAA 
Suffix 
MM74C00 
MM74C02 
MM74C04 
MM74C10 
MM74C20 
MM74C08 
MM74C14 
MM74C30 
MM74C32 
MM74C42 
MM74C48 
MM74C73 
MM74C76 
MM74C107 
MM74C74 
MM74C83 
MM74C85 
MM74C86 
MM74C89 
MM74C90 
MM74C93 
MM74C95 
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CMOS Ordering Information 
Industrial Temp. Range (Continued) 


Package ID | NOBE | N14A | 14a | M148 | N16E | Mi6A | Mi6B | N18A| N20 | Mz0B | N24A | N24C | M24B | N28B | NAOA 


suffix | N | w | m [wm | nw | m | ww/ ow | w [ww wn [on | ww] w | 


pinnae | Ts sg I eee se a Ne 
TAZ (SSN (Uk EEL OR eae (DRA FE 


mwracoao{ | tT 


8-20 


N 


CMOS Ordering Information 
Industrial Temp. Range (Continued) 


Package ID | Ni4A | Misa | mie | Nice | mi6a | mies | N20a | Mz0p | N24c | M248 


Suffix 
MM74HCOO0 
MM74HC02 
MM74HC03 
MM74HC04 
MM74HCO05 
MM74HCO08 
MM74HC10 
MM74HC11 
MM74HC14 
MM74HC20 
MM74HC27 
MM74HC30 
MM74HC32 
MM74HC34 
MM74HC42 
MM74HC51 
MM74HC58 
MM74HC73 
MM74HC74A 
MM74HC75 
MM74HC76 
MM74HC85 
MM74HC86 
MM74HC107 
MM74HC109A 
MM74HC112 
MM74HC113 
MM74HC123A 
MM74HC125 
MM74HC126 
MM74HC132 
MM74HC133 
MM74HC137 
MM74HC138 
MM74HC139 
MM74HC147 
MM74HC148 
MM74HC149 
MM74HC151 
MM74HC153 
MM74HC154 
MM74HC155 
MM74HC157 
MM74HC158 
MM74HC160 


fikinanicietes JI ae ee ee 


uoHewoOjsU] HulapsO SOWO-—G Xipueddy 





Appendix D—CMOS Ordering Information 


Package ID 
Suffix 

MM74HC162 
MM74HC163 
MM74HC164 
MM74HC165 
MM74HC166 
MM74HC173 
MM74HC174 
MM74HC175 
MM74HC181 
MM74HC182 
MM74HC190 
MM74HC191 
MM74HC192 
MM74HC193 
MM74HC194 
MM74HC195 
MM74HC221A 
MM74HC237 
MM74HC240 
MM74HC241 
MM74HC242 
MM74HC243 
MM74HC244 
MM74HC245A 
MM74HC251 
MM74HC253 
MM74HC257 
MM74HC258 
MM74HC259 
MM74HC266A 
MM74HC273 
MM74HC280 
MM74HC283 
MM74HC298 
MM74HC299 
MM74HC354 
MM74HC356 
MM74HC365 
MM74HC366 
MM74HC367 
MM74HC368 
MM74HC373 
MM74HC374 
MM74HC390 


CMOS Ordering Information 
Industrial Temp. Range (Continued) 





CMOS Ordering Information 
Industrial Temp. Range (Continued) 


PackageID | Nida | mi4a | miap | NieE | mica | miss | N20a | m2oB | N2dc | M246 
suffix | oN | om | wm | ow [| om | ww [ow | wm | w | wm 

mmratcaos | ee | ove fT 

mraucaesa | | Te ee 


MM74HC521 
MM74HC533 
MM74HC534 
MM74HC540 
MM74HC541 
MM74HC563 
MM74HC564 
MM74HC573 
MM74HC574 
MM74HC589 
MM74HC595 
MM74HC597 
MM74HC620 
MM74HC623 
MM74HC640 
MM74HC643 
MM74HC646 
MM74HC648 
MM74HC4002 
MM74HC4016 
MM74HC4017 
MM74HC4020 
MM74HC4040 
MM74HC4046 
MM74HC4049 
MM74HC4050 
MM74HC4051 
MM74HC4052 
MM74HC4053 
MM74HC4060 
MM74HC4066 
MM74HC4075 
MM74HC4078 
MM74HC4316 
MM74HC4511 
MM74HC4514 
MM74HC4538 
MM74HC4543 
MM74HC942 
MM74HC943 
MM74HC7266 


m7anctoo | st | oe | | 


UOd}eWIOJU] BULapPIO SOWD—G x!Ipueddy 





Appendix D—CMOS Ordering Information 


Package ID 
Suffix 

MM74HCT03 
MM74HCT04 
MM74HCT05 
MM74HCT08 
MM74HCT32 
MM74HCT34 
MM74HCT74 
MM74HCT76 
MM74HCT109 
MM74HCT112 
MM74HCT138 
MM74HCT139 
MM74HCT147 
MM74HCT148 
MM74HCT149 
MM74HCT151 
MM74HCT153 
MM74HCT155 
MM74HCT157 
MM74HCT158 
MM74HCT164 
MM74HCT166 
MM74HCT190 
MM74HCT191 
MM74HCT192 
MM74HCT193 
MM74HCT240 
MM74HCT241 
MM74HCT244 
MM74HCT245 
MM74HCT251 
MM74HCT253 
MM74HCT257 
MM74HCT273 
MM74HCT373 
MM74HCT374 
MM74HCT521 
MM74HCT533 
MM74HCT534 
MM74HCT540 
MM74HCT541 
MM74HCT640 
MM74HCT643 
MM74HCT688 


CMOS Ordering Information 
Industrial Temp. Range (Continued) 





CMOS Ordering Information 
Mil. Temp. Range 


Package ID 
Suffix 

MM54HCO0O 
MM54HC02 
MM54HC03 
MM54HC04 
MM54HC05 
MM54HC08 
MM54HC10 
MM54HC11 
MM54HC14 
MM54HC20 
MM54HC27 
MM54HC30 
MM54HC32 
MM54HC34 
MM54HC42 
MM54HC51 
MM54HC58 
MM54HC73 
MM54HC74A 
MM54HC75 
MM54HC76 
MM54HC85 
MM54HC86 
MM54HC107 
MM54HC109A 
MM54HC112 
MM54HC113 
MM54HC123A 
MM54HC125 
MM54HC132 
MM54HC133 
MM54HC137 
MM54HC138 
MM54HC139 
MM54HC147 
MM54HC148 
MM54HC149 
MM54HC151 
MM54HC153 
MM54HC154 
MM54HC155 
MM54HC157 
MM54HC158 
MM54HC160 
MM54HC161 
MM54HC162 


uonewsojul HurapsOo SOWID—C Xipueddy 





Appendix D—CMOS Ordering Information 


Package ID 
Suffix 

MM54HC163 
MM54HC164 
MM54HC165 
MM54HC166 
MM54HC173 
MM54HC174 
MM54HC175 
MM54HC181 
MM54HC182 
MM54HC190 
MM54HC191 
MM54HC192 
MM54HC193 
MM54HC194 
MM54HC195 
MM54HC221A 
MM54HC237 
MM54HC240 
MM54HC241 
MM54HC242 
MM54HC243 
MM54HC244 
MM54HC245A 
MM54HC251 
MM54HC253 
MM54HC257 
MM54HC258 
MM54HC259 
MM54HC266A 
MM54HC273 
MM54HC280 
MM54HC283 
MM54HC298 
MM54HC299 
MM54HC354 
MM54HC356 
MM54HC365 
MM54HC366 
MM54HC367 
MM54HC368 
MM54HC373 
MM54HC374 
MM54HC390 
MM54HC393 
MM54HC423A 


CMOS Ordering Information 
Mil. Temp. Range 





8-26 


Package ID 
Suffix 

MM54HC521 
MMS54HC533 
MM54HC534 
MM54HC540 
MM54HC541 
MMS54HC563 
MM54HC564 
MM54HC573 
MM54HC574 
MM54HC589 
MM54HC595 
MM54HC597 
MM54HC620 
MM54HC623 
MM54HC640 
MM54HC643 
MM54HC646 
MM54HC688 
MM54HC4002 
MM54HC4016 
MM54HC4017 
MM54HC4020 
MM54HC4040 
MM54HC4046 
MM54HC4049 
MM54HC4050 
MM54HC4051 
MM54HC4052 
MM54HC4053 
MM54HC4060 
MM54HC4066 
MM54HC4075 
MM54HC4078 
MM54HC4316 
MM54HC4511 
MM54HC4514 
MM54HC4538 
MM54HC4543 
MM54HC942 
MM54HC943 
MM54HC7266 
MM54HCTOO 
MM54HCT03 
MM54HCT04 
MM54HCT05 


CMOS Ordering Information 
Mil. Temp. Range 
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Appendix D—CMOS Ordering Information 


Package ID 
Suffix 

MM54HCT08 
MM54HCT32 
MM54HCT34 
MM54HCT74 
MM54HCT76 
MM54HCT109 
MM54HCT112 
MM54HCT138 
MM54HCT139 
MM54HCT147 
MM54HCT148 
MM54HCT149 
MM54HCT151 
MM54HCT153 
MM54HCT155 
MM54HCT157 
MM54HCT158 
MM54HCT164 
MM54HCT166 
MM54HCT190 
MM54HCT191 
MM54HCT192 
MM54HCT193 
MM54HCT240 
MM54HCT241 
MM54HCT245 
MMS54HCT251 
MM54HCT253 
MM54HCT257 
MM54HCT273 
MM54HCT373 
MM54HCT374 
MM54HCT521 
MM54HCT533 
MM54HCT534 
MM54HCT540 
MM54HCT541 
MMS54HCT563 
MMS54HCT564 
MM54HCT573 
MMS54HCT574 
MM54HCT640 
MM54HCT643 
MM54HCT688 
CD4000M 


CMOS Ordering Information 
Mil. Temp. Range 


8-28 


CMOS Ordering Information 
Mil. Temp. Range 


Package ID 
Suffix 
CD4001BM 
CD4011B 
CD4002BM 
CD4012BM 
CD4006B 
CD4007 
CD4008BM 
CD4009M 
CD4010M 
CD4013BM 
CD4014BM 
CD4015BM 
CD4016BM 
CD4017BM 
CD4022BM 
CD4018BM 
CD4019BM 
CD4020BM 
CD4040BM 
CD4060BM 
CD4021BM 
CD4023BM 
CD4025BM 
CD4024BM 
CD4027BM 
CD4028BM 
CD4029BM 
CD4030M 
CD4031BM 
CD4034BM 
CD4035BM 
CD4041 
CD4042BM 
CD4043BM 
CD4044BM 
CD4046BM 
CD4047BM 
CD4048BM 
CD4049UBM 
CD4050BM 
CD4051BM 
CD4052BM 
CD4053BM 
CD4066BM 
CD4069 


uoleWJOju] Hulaps0 SOWD—C x!puaddy 
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Appendix D—CMOS Ordering Information 


CMOS Ordering Information 
Mil. Temp. Range 


Package ID 
Suffix 
CD4070BM 
CD4071BM 
CD4081BM 
CD4072BM 
CD4082BM 
CD4073BM 
CD4075BM 
CD4076BM 
CD4089BM 
CD4527BM 
CD4093BM 
CD4094BM 
CD4099BM 
CD40106BM 
CD40160BM 
CD40161BM 
CD40162BM 
CD40163BM 
CD40174BM 
CD40175BM 
CD40192BM 
CD40193BM 
CD4503BM 
CD4510BM 
CD4516BM 
CD4511BM 
CD4512BM 
CD4514BM 
CD4515BM 
CD4518BM 
CD4520BM 
CD4519BM 
CD4522BM 
CD4526BM 
CD4528BM 
CD4529BM 
CD4538BM 
CD4541BM 
CD4543BM 
CD4584BM 
CD4723BM 
CD4724BM 
MM54C00 
MM54C02 
MM54C04 





8-30 


Package ID 
Suffix 
MM54C10 
MM54C20 
MM54C08 
MM54C14 
MM54C30 
MM54C32 
MM54C42 
MM54C48 
MM54C73 
MM54C76 
MM54C107 
MM54C74 
MM54C83 
MM54C85 
MM54C86 
MM54C89 
MM54C90 
MM54C93 
MM54C95 
MM54C150 
MM82C19 
MM74C151 
MM54C0154 
MM54C157 
MM54C160 
MM54C161 
MM54C162 
MM54C163 
MM54C0164 
MM54C165 
MM54C173 
MM54C0174 
MM54C175 
MM54C192 
MM54C193 
MM54C195 
MM54C200 
MM54C221 
MM54C240 
MM54C244 
MM54C373 
MM54C374 
MM54C901 
MM54C902 
MM54C903 


CMOS Ordering Information 
Mil. Temp. Range 


8-31 
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Appendix D—CMOS Ordering Information 


Package ID 
Suffix 

MM54C904 
MM54C905 
MM54C906 
MM54C907 
MM54C910 
MM54C914 
MM54C915 
MM54C922 
MM54C923 
MM54C932 
MM54C941 
MM54C989 
MM70C95 
MM70C96 
MM70C97 
MM70C98 
MM54C908 
MM54C918 
MM54C911 
MM54C912 
MM54C917 
MM54C925 
MM54C926 
MM54C927 
MM54C928 
MM54C945 
MM54C947 
MM54C946 
MM54C956 
MM78C29 
MM78C30 


CMOS Ordering Information 
Mil. Temp. Range 
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National | 
Semiconductor 


0.350 + 0.008 


—— 290 £0.203) ee | r600— 1.905) 


Je DETAIL A 


All dimensions are in inches (millimeters) 


0.200 + 0.005 
(5.080 + 0.127) 
TYP 


0,045-0.055 | 
(1.143 —1.397) 
TYP 


(1.702 — 2.108) 


TYP 


a jesisAud 


5° ¢ 0.015 +0.010 
(0.381 0.254) 


SUOISUSU! 


0.007—0.011_ 
(0.178-0.279) 279) 
RTYP 
0.022 -0.028 


(0.559—0.711) 
TYP 


0.045 —0.055 
(1.143 —1.397) 
TYP 


Side View 
45° x 0.040+0.010 
(1.016 +0,254) 
3 PLCS 


Bottom View 


0.015 


(0.381) 
MAX TYP 


0.006 
(0.152) 
MIN TYP 


Detail A 
E20A (REV 0} 


NS Package E20A 


0.785 
(19.939) 


0.220-0.310 
(5.588—7.874) 


0.290-0.320 0,005 


(7.366-8.128) barr GLASS 0.060 +0.005 (5.080) 
SEALANT (7,624 20.127) MAX 9.920-0.060 
(0.508-1.524) 


86°94° TYP 
10° MAX 0.008-0.012 
0310-0410 {0.203-0.305) 
Le - 0.098 bet ead 03 | 0.125~0.200 
(7874-1041) rE Save 0003 | 
(2.489) (3.175-5.080) 
MAX BOTH ENDS 0.100 0.010 aise 
(2.840 20.254) ar 


MIN J14A (REV G) 


NS Package J14A 





8-33 


Physical Dimensions 


0.290-0.320 
(7.366 — 8.128) =a | 


0.180 os° 5° 
(4.572) 
"| 


0.310 - 0.410 
(7.874 — 10.41) 


aan 


(0.127) mo 
MIN 


0.008 -0.012 
(0.203 —0.305) 


_0.080 


SEALANT 


0.058 + 0,005, 
(1.397 + 0,127) 


0.018 0.003 003 | 
(0.457 £ 0.076) oor | 


0.100 +0.010 


0.220-0.310 
(5.588 — 7.874) 


0.005 — 0.020 
(0.127 —0.508) 
RAD TYP 


0.200 


0.125-0.200 0.020-—0.060 
(3.175 ~5.080) (0.508 — 1.524) 


0.037 + 0.005 


(0.940 +0.127) 


JIGA (REV K) 


(2. (2.540 0.254) 254) 


NS Package J16A 


6.025 


(0.635) pore 


0.030-0.055 


(0.762-1.397) 
RAD TYP 
GLASS 0.060 +0.005 0.290-0.320 


SEALANT (1.524 20.127) 0.026-6.070 (7.366-8.128) 
(0-608—1.778) 


| \ : a, ; 0.008-0.012 
: a : (0.203--0.305) 
TYP 
sen 0.100 an | L 0.018 +0.003 aL. : 0.310-0.410 | 
aan) ENDS ae ae : (7874-1041) 


J24F (REV G) 


NS Package J24F 





8-34 


0.150 —0.158 
(3.810 —4.013) 
0.017 


(0.432) 
i 45° 


» Lit 


(0.102) 
ALL LEAD TIPS 


<— 


0.007~0.010 
(0.178 —0.254) m7 0 254) 


0.150 — 0.158 
(3.610 4.013) 810 — 4.013) 
ag — 2.017 


erie: (0.432) 
Pac 45° 


0.007-0.010 
(0.178 —0.254) 


TYP ALL LEADS 0.004 


(0.102) 102) 
ALL LEAD TIPS 


<— 


Soh _ | 


0.336 —0.344 
(8.534 —8.738) 


4 =#13°«120«6211«ds ss D—ssiB 


0.228 —0.244 
(5.791 —6.198) 


0.024—0.031 0.053—0.069 
(0.610 —0.787) (1.346 — 1.753) 
0°-8° 
TYP i LEADS 


0.020 0.050 7 


(0.508 — 1.270) 
TYP ALL LEADS 


NS Package M14A 


0.385 -0.394 


(9.779 — 10.008) 


16 15 14 #13 12 «11 = «10 


0.228 0.244 
(5.791 —6.198) 


LEAD NO.1 
IDENT 


0.053 — 0.069 
{1.346 — 1.753) 


4 0.024 —0.031 
(0.610 —0.787) 


ae 


0,020 —0.050 : 
(0.508 — 1.270) Tu, 
TYP ALL LEADS 


NS Package M16A 


8-35 


faa 
le gam 


0.004 -0,010 
(0.102 —0.254) 
AFTER LEAD FINISH 


(0.386 0.489) 


M14A (REV FY 


0.004 —0.010 
(0.102 — 0.254) 
AFTER LEAD FINISH 


ct 


ag — 0.014 = 0.019 


~~ 10.356 —0.483) 
TYP 


Mi6AIPEYVE. 





Iq jeo1sAud 


SUOISUSLU! 





imensions 


Physical D 


0:396-0.412 
{10.06 — 10.46) 
16 615 14 «13°«:12~«81 


0.394—0.419 
(10.01 — 10.64) 


LEAD NO. 1 
IDENT 


0.291 0.299 
(7.391 — 7.595) 


.017 
oo 0.093—0.104 0.037 —0.044 


: —— — 
0.432 ———— ——— 
0.009 ~0.013 yer | (2.362 — 2.642) | {0.940 ~ 1.118) 


Biba iu 


—_ 


, 


TYP ALL LEADS 
0.004 | | 
9.004, 0.030 —0.050 0.050 
(0.102) (0.762 1.270) el ina) 


ALL LEAD TIPS TYP ALL LEADS TYP 





NS Package M16B 


0.496—0.512_ 
(12.598 — 13,005) 


0.394~0.419 
(10.008 — 10.643) 


0.291—0.299 


(7.391 — 7.595) 
0.093 0.104 


~ (2.362 —2.642) 


0°-8° 
TYP ALL LEADS 


—_— Ne 
are i aa sl Hs 


0,009 0.013 jo 102) | ¢_ £.030—0.050 2 


(0.229 —0.330) ALL LEAD TIPS (0.762 —1.270 (1.270) 
TYP ALL LEADS TWP ALL LEhos ar 


NS Package M20B 


8-36 





10 63 


0.004 -0.012 
(0.102 ~ 0.305) 


4 


all dete 


(0.356 -0.483) 
TYP 


M16B (REV C) 


0.004 —0.012 
(0.102 0.305) 


| | 0.014 -0.019 


(0.356 —0.483) 
TYP 


M20B (REV D) 





0.596 -0.612 
(15.14 - 15.54) 
18 #17) 16 «18 «14 «13 


—_—_—_— 


Iq jeolskud 


0.394-0.419 
(10.01 — 10.64) 


SUOISUSLUI 


(0.686) 


0,291 =0.299 


(0.229 -— 0.330) 


(7.391-7.59 
oor 0.037-0.044 _0.093-0.104 
0.940-1.198) (2.362 ~2.642 
ea { ) (23 ) 
0.009—0.013 Ae t { 


TYP ALL LEADS 


0.004 
(0.102) 
ALL LEAD TIPS 


0° —8° TYP ALL LEADS 


0.030 — 0.050 
(0.762 — 1.270) 
TYP ALL LEADS 


NS Package M24B 


0.373—0.400 
(9.474—10.16) 


0.092 


(2.337) DA 


PIN NO. 1 IDENT 


0.004 —0.012 
(0.102 —0.305) 


0.014 —0.019 
(0.356 — 0.483) 
TYP 


M2é6 (HEV CG. 


(7.412) .030 | it. OPTION 2 
0.300 0.320 oon 0,145 —0.200 


(7.628.128) + : (3.683 —5.080) 


0.009— 0.015 


po Ae <|—- 
(0.229—0.381) 


+0.040 


0.325 ~0.015 


+1.016 


(0.255 -0.381 


0.045 + 0.015 
(1.143 +0.381) 


0.125-0,140_ 


(3.175 — 3.556) 0.020 


(0.508) 
MIN 
0.018 +0.003 
(0.457 + 0.076) 
0.100+ 0.010 
(2.540 +0.254) 


0.050 
(1.270) 


NS Package NO8E 
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NOBE (REV F) 





Physical Dimensions 


0.743 - 0.770 


0.090 (18.87 ~ 19.56) 


(2.286) 
0.092 (2 PLS) 
(2.337) 


2PLS J 0.032 + 0.005 
PIN NO. 1 IDENT : 0.250 +0.005 (0.813 + 0.127) 
(6.350 20.127) RAD 
@-~<———PIN NO. 1 IDENT 


0.280 
(7.112) 
MIN 


0.300-0.320 0.130 +0.005 
0.300-0.320 | OPTION 1 0.130 +0.005, 
(7.620-8.128)|' 0.065 ea ecg) | (02 20.127) 


(1.651) 0.065 0.145 — 0.200 
(1.651) {3.683 — 5.080) 


Caer 


OPTIONS 2,3 


_ 0.009-0.015 90° 4° 
(0.229—-0.381) 
0.075 +0.015 x 0.018 +0.003 
(1.905 +0.381) (0.457 +0.076) 





0.100 +0.010 0.125 - 0.140 
(2.540 +0.254) (3.175 — 3.556) 


N14 (REV D)} 


NS Package N14A 


0.090 

(2.286) 

0.092 5 0.032+0.005 

(2.337) (0.813 40.127) 
DIA NOM 0:250+ 0.005 R 


PIN NO. 1 mm TO ; (6.35+0.127) 


0.280. ery ne] Gan 9a a 1 
(7.112) 
MIN 0.030 OPTION 2 OPTION 2 
0.300-0.320 eae ony 


- a 8.128) 


‘Ba 


g5°+5° 
0.009 — 0.015. 
{0.229—0.381) ——— 
o.125—0.140 (0.508) 
0.030 0.015 0.018+0.003 MIN 


006; 
(0.76240.381) (0. (0.457+0.076) e ae : 
0.100 +0.010 


(2. ey (2.54020.250) 254) 


0.130 + 0.005 
aes ea 


0.145—0.200 
(3.683 —6.080) 





N16E (REV E) 


NS Package N16E 
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0.092 0.030 


(2.336) ~ (0.762) 
NOM = MAX 
DEEP (2 PLCS) 


0.280 


(7.112) 
MIN 


0.300-0.320 
7.620—-8.128) 





+a 


0.325 9 945 


+1.016 
(o2ss -0 a) 


0.090 
(2.286) 





0.085 0.060 
(1.651) (1.524) 


0.025 +0.015 aunt. 
(0.635 20.381) 


0.100 +0.010 


(2.540 +0.254) 
TYP 





0.843-0.870 
(21.41-22.10) 


0.250 +0.005 
(6.350 +0.127) 


0.130 +0.005 
(3.302 +0.127) 


0.145-0.200 
(3.683-5.080) 


oO + ° 
oye 0.020 


||. s0veo0m 0.125-0.140 (0.508) 
(0.457 +0.076) (3.175-3.556) 


N18A (REV E) 


NS Package N18A 


1.013—1.040 
(25.73~26.42) 


0.092 x 0.030 


(2.337 X 0.762) 
MAX DP 


PIN NO. 1 IDENT 
ar aa 
MIN 
0.300-0.320 
(7.620-8.128) 
0.065 
(1.651) 
0.009-0.015 
(0.229-0.381) 
TYP 
0.060 +0.005 
+0.040 (1.5244 0.127) 
0.325 9015 


71.016 
(025s at 


(1.524) 
TYP 


0.100+0.010 eee] ee 
(2.540 20.254) 0.018 + 0.003 


(0.457 + 0.076) 


0,032 +0.005 


(0.81340.127) 


RAD 
0.260 +0.005 


(6.604 +0,127) 


OPTION 2 


0.130 0.005 
(3.302 0.127) 


0.145-0.200 
(3.683-5.080) 


90°+0.004° 





0.020 
0.125-0.140 (0.508) 
(3.175~3.556) MIN 


N20A (REV G) 


NS Package N20A 
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Iq 1eo1skud 


SUuOISUDWUI 





imensions 


Physical D 


0.325 
—— 015 (1.905 £0,381) 


1.243-1.270 
(31.57~32.26} 


.0.540 20.005 
(13.746 0.127) 


DOTTED OUTLINES 
REFLECT ALTERNATE 
0.580 MOLDED BODY CONFIGURATION 


(14.73) 0.030 


MIN aes 
(0.762) 0.075 

0.600-0.620 MAX 1908) oa 0.160 +0.005 

: (4.084 +0.127) 


(15.24-15.748) 
0.170~0.210 


0.009-0.015 

{0.229-0.381) . 

0.075 +0.015 0.038 — 
jo. SS ee | (0.381) 

(1.905 +0.381) i | 0,100 20.010 {0.457 nT 178) ee MIN 


(2.540 0.254) 


N24A (REV E) 


NS Package N24A 


1.243 1.270 
0.092 (31.57 — 32.26) 
(2.337) MAX 
(2 PLS) 


PIN NO. 1 5 0.260 + 0.005 
IDENT (6.604 + 0.127) 


mie EJECTOR PINS 


0.300 — 0.320 OPTIONAL 


(7.62 —8.128) 
0.130 + 0.005 
(3.302 +0.127) 


Fason 0.145-0.200 


0.508) 
win (3-683—5.080) 


0.009 — 0.015 
(0.229 - 0.381) £ 0.065 


/ (1.651) . “ 0.125—0.145 
petlehd 0.018 + 0.003 "(3.175 — 3.556) 
+0.040 0457 500TH 
0.075 +0.015 L | (0.457 0.076) a 
TYP 
(2s Fat) 0.100+0.010 eee 


—0.381 (2.54+0.254) 
TYP 


N24C (REV F) 


NS Package N24C 
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0.510+ 0.005 
(12.95 + 0.127) 


suoisuawig jesisAud 


1.393 — 1.420 
(35.38 — 38.07) 


0,145 —0.210 0.050 


0.030 0.600 — 0.620 
(3.683 —§.334) (1.270) 


(0.762) “* (15.26—18.75) TP 0.125 -0.165 


(3.175—4.191) 9 p29 
(0.508) 


0.009-0.015 


95°+5° 
0. 0.580 


(0.229 - 0.381) 


B6° 94° TYP 


0,050+ 0.015 | (0.100 0.010 | {| 0.018+0.003 ‘ 
14.73 nn 125-0. 
(1473 i (1.270 + 0.381) (2.540 + 0.254) 540 + 0.254) (0.457+£0.076) 457 + 0.076) SLs 


+ 0.635 
a —0,381 N28B (REV E) 


NS Package N28B 


2.043-2.070 
(51.89-62.58) 


0.950 +0.005 
(13.970 10,127) 


0.580 
(14.73) 
MIN 
0.600--0.620 
(15.240~15.748) 


0.125-0.165 

(3.175-4.191) 
0.145~0.216 
(3.883-5.334) 
0.008-0.015 
ee (0.220-0.381) 
~ tamer 0.075 20.015 
| = (sar 0839) “| (190520380) 


(15. 875 3a) 


95°s5° 


0.018 10.003 
(0.457 +0.076) 


aaa 


0.100 20,010 —-| 
(2.540 20.264) 


O.125-0.140 
(3.175-3.556) 


N4OA (REV E) 


NS Package N40A 
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Physical Dimensions 


~ 0.050 —0.080 
(1.270 —2.032) 


0.004 —0.006 
© (0.102 ~0.152) 


0.020 —0.035 
(0.508 —0.889) 


0.050-0.080 
(1270-2. | 
0.004-0.008 


(0:102-0.182! 7] Wr 


} 


0.020-0.040 
{0.608-1.016) 


0.372—0.385 
(9.449 9.773) 


0.050 +0.005 
(1.270 0.127) 


0.250 —0.370 
(6.350 —9.398) 


— 


0.280 MAX 0.245—0.255 
(7.112) GLASS (6.223 —6.477) 


= 


0.250 -0.370 
(6.350 —9.398) 


0.015—0.019 
(0.381 ~ 0.483) 
TYP 


W14B (REV 0) 


NS Package W14B 


0.371 - 0.390 
(9.423 — 9.806) 
0.007 - 0.018 0.050 0.005 
(0.178 - 0.457) (1.270 40.127) 
0.000 MIN ALL ENDS 


0.300 — 0.370 
(7.620 ~ 9.398) 


0.245 - 0.275 
(6.223 — 6.985) 


0.300 ~ 0.370 
(7.620 — 9.398) 





0.015-0.019 
{0.381 -0.482) 
TYP W18A (REV E) 


NS Package W16A 





8-42 


NOTES 


National 
Semiconductor 


Bookshelf of Technical Support Information 


National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 


This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 


Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 
We are interested in your comments on our technical literature and your suggestions for improvement. 
Please send them to: 
Technical Communications Dept. M/S 23-200 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 


For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation, 
please call (408) 749-7378. 


ALS/AS LOGIC DATABOOK—1987 


Introduction to Bipolar Logic « Advanced Low Power Schottky ¢ Advanced Schottky 


ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987 


SSI/MSI Functions ¢ Peripheral Functions ¢ LSI/VLSI Functions ® Design Guidelines ¢ Packaging 


DATA CONVERSION/ACQUISITION DATABOOK—1984 


Selection Guides ¢ Active Filters ¢ Amplifiers ¢ Analog Switches ¢ Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) ® Digital-to-Analog Converters e Sample and Hold  Sensors/Transducers 
Successive Approximation Registers/Comparators © Voltage References 


HYBRID PRODUCTS DATABOOK—1982 


Operational Amplifiers ¢ Buffers ¢ Instrumentation Amplifiers © Sample & Hold Amplifiers © Comparators 
Non-Linear Functions ¢ Precision Voltage Regulators and References ¢ Analog Switches 

MOS Clock Drivers ¢ Digital Drivers © A-D Converters ¢ D-A Converters © Fiber-Optic Products 

Active Filters & Telecommunication Products ¢ Precision Networks ® 883/RETS 


INTERFACE DATABOOK—1986 


Transmission Line Drivers/Receivers ¢ Bus Transceivers ¢ Peripheral/Power Drivers @ Display Controllers/Drivers 
Memory Support © Microprocessor Support ¢ Level Translators/Buffers ¢ Frequency Synthesis 


INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK—1983 


Transmission Line Drivers/Receivers ¢ Bus Transceivers ¢ Peripheral/Power Drivers 

Level Translators/Buffers ¢ Display Controllers/Drivers © Memory Support ¢ Dynamic Memory Support 
Microprocessor Support e Data Communications Support ¢ Disk Support ¢ Frequency Synthesis 
Interface Appendices ¢ Bipolar PROMs ® Bipolar and ECL RAMs ¢ 2900 Family/Bipolar Microprocessor 
Programmable Logic 


INTUITIVE IC:-CMOS EVOLUTION—1984 


Thomas M. Frederiksen’s new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. /ntuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author’s latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 





INTUITIVE IC OP AMPS—1984 


Thomas M. Frederiksen’s new book, /ntuitive /C Op Amps, explores the many uses and applications of different IC op amps. 
Frederiksen’s detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen’s latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 


LINEAR APPLICATIONS HANDBOOK—1986 


The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 


Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 


LINEAR 1 DATABOOK—1988 


Voltage Regulators ¢ Operational Amplifiers ¢ Buffers ¢ Voltage Comparators ¢ Instrumentation Amplifiers ¢ Surface Mount 


LINEAR 2 DATABOOK—1988 


Active Filters ¢ Analog Switches/Multiplexers ¢ Analog-to-Digital ¢ Digital-to-Analog ¢ Sample and Hold 
Sensors ¢ Voltage References ¢ Surface Mount 


LINEAR 3 DATABOOK—1988 


Audio Circuits ¢ Radio Circuits ¢ Video Circuits ¢ Motion Control ¢ Special Functions ¢ Surface Mount 


LINEAR SUPPLEMENT DATABOOK—1984 


Amplifiers ¢ Comparators ¢ Voltage Regulators * Voltage References ¢ Converters ¢ Analog Switches 
Sample and Hold ¢ Sensors ¢ Filters © Building Blocks ¢ Motor Controllers © Consumer Circuits 
Telecommunications Circuits ¢ Speech ¢ Special Analog Functions 


CMOS LOGIC DATABOOK—1988 


CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes © MM54HC/MM74HC 


MM54HCT/MM74HCT ¢ CD4XXX ¢ MM54CXXX/MM74CXXX © Surface Mount 


LS/S/TTL DATABOOK—1987 


Introduction to Bipolar Logic ¢ Low Power Schottky ® Schottky ¢ TTL ¢ Low Power 


MASS STORAGE HANDBOOK—1986 


Disk Interface Design Guide and User Manual ¢ Winchester Disk Support ¢ Winchester Disk Data Controller 
Floppy Disk Support ¢ Drive Interface Support Circuits 


MEMORY SUPPORT HANDBOOK—1986 


Dynamic Memory Control ¢ Error Checking and Correction ¢ Microprocessor Interface and Applications 
Memory Drivers and Support 


NON-VOLATILE MEMORY DATABOOK—1987 
CMOS EPROMs ¢ EEPROMs e Bipolar PROMs 


SERIES 32000 DATABOOK—1986 


Introduction ¢ CPU-Central Processing Unit ¢ Slave Processors ® Peripherals ¢ Data Communications and LAN’s 
Disk Control and Interface e DRAM Interface ¢ Development Tools ¢ Software Support ¢ Application Notes 


RANDOM ACCESS MEMORY DATABOOK—1987 


Static RAMs ¢ TTL RAMs ¢ TTL FIFOs ¢ ECL RAMs 





RELIABILITY HANDBOOK—1986 


Reliability and the Die ¢ Internal Construction ¢ Finished Package ¢ MIL-STD-883 ® MIL-M-38510 

The Specification Development Process ¢ Reliability and the Hybrid Device ¢ VLSI/VHSIC Devices 
Radiation Environment e Electrostatic Discharge ¢ Discrete Device ¢ Standardization 

Quality Assurance and Reliability Engineering © Reliability and Documentation « Commercial Grade Device 
European Reliability Programs ¢ Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor ¢ The Total Military/Aerospace Standardization Program 
883B/RETS™ Products ¢ MILS/RETS™ Products * 883/RETS™ Hybrids ¢ MIL-M-38510 Class B Products 
Radiation Hardened Technology * Wafer Fabrication ¢ Semiconductor Assembly and Packaging 
Semiconductor Packages ® Glossary of Terms ® Key Government Agencies * AN/ Numbers and Acronyms 
Bibliography ¢ MIL-M-38510 and DESC Drawing Cross Listing 


TELECOMMUNICATIONS—1987 


Line Card Components ® Integrated Services Digital Network Components ¢ Modems 
Analog Telephone Components ¢ Application Notes 


THE SWITCHED-CAPACITOR FILTER HANDBOOK—1985 


Introduction to Filters ¢ National's Switched-Capacitor Filters ¢ Designing with Switched-Capacitor Filters 
Application Circuits ¢ Filter Design Program ¢ Nomographs and Tables 


TRANSISTOR DATABOOK—1982 


NPN Transistors ¢ PNP Transistors © Junction Field Effect Transistors ¢ Selection Guides ¢ Pro Electron Series 
Consumer Series ¢ NA/NB/NR Series ¢ Process Characteristics Double-Diffused Epitaxial Transistors 
Process Characteristics Power Transistors ¢ Process Characteristics JFETs ¢ JFET Applications Notes 


VOLTAGE REGULATOR HANDBOOK—1982 


Product Selection Procedures ¢ Heat Flow & Thermal Resistance e Selection of Commercial Heat Sink 
Custom Heat Sink Design ¢ Applications Circuits and Descriptive Information ¢ Power Supply Design 
Data Sheets 


48-SERIES MICROPROCESSOR HANDBOOK—1980 


The 48-Series Microcomputers © The 48-Series Single-Chip System © The 48-Series Instruction Set 
Expanding the 48-Series Microcomputers ® Applications for the 48-Series ¢ Development Support 

Analog |/O Components ¢ Communications Components ¢ Digital |1/O Components ¢ Memory Components 
Peripheral Control Components 





NATIONAL SEMICONDUCTOR CORPORATION 
AUTHORIZED DISTRIBUTORS 


ALABAMA San Diego (Continued) Palm Bay MARYLAND 


Huntsville 
Arrow 
(205) 837-6955 
Bell Industries 
(205) 837-1074 
Hamilton/Avnet 
(205) 837-7210 
Kierulff 
(205) 883-6070 
Pioneer 
(205) 837-9300 


ARIZONA 

Phoenix 
Kierulff 
(602) 437-0750 

Tempe 
Anthem Electronics 
(602) 966-6600 
Arrow 
(602) 968-4800 
Bell Industries 
(602) 966-7800 
Hamilton/Avnet 
(602) 231-5100 


CALIFORNIA 

Anaheim 
Time Electronics 
(714) 934-0911 
Chatsworth 

Anthem Electronics 

(818) 700-1000 

Arrow 

(818) 701-7500 

Hamilton Electro Sales 

(818) 700-0440 

Kierulff 

(818) 407-2500 
Time Electronics 
(818) 998-7200 
Costa Mesa 

Avnet Electronics 

(714) 754-6050 

Hamilton Electro Sales 

(714) 641-4159 
Cypress 

Kierulff 

(714) 220-6300 
Garden Grove 

Bell Industries 

(714) 895-7801 
Gardena 

Bell Industries 

(213) 515-1800 

Hamilton/Avnet 

(213) 217-6751 
Irvine 

Anthem Electronics 

(714) 768-4444 
Los Angeles 

Kierulff 

(213) 725-0325 
Ontario 

Hamilton/Avnet 

(714) 989-4602 
Roseville 

Bell 

(916) 969-3100 
Sacramento 

Anthem 

(916) 922-6800 

Hamilton/Avnet 

(916) 925-2216 
San Diego 

Anthem Electronics 

(619) 453-9005 

Arrow 

(619) 565-4800 

Hamilton/Avnet 

(619) 571-7510 


Kierulff 

(619) 278-2112 

Time Electronics 

(619) 586-1331 
San Jose 


Anthem Electronics 


(408) 295-4200 

Kierulff 

(408) 947-3400 
Sunnyvale 

Arrow 

(408) 745-6600 

Bell Industries 

(408) 734-8570 

Hamilton/Avnet 

(408) 743-3355 

Time Electronics 

(408) 734-9888 
Thousand Oaks 

Bell Industries 

(805) 499-6821 
Torrance 

Time Electronics 

(213) 320-0880 
Tustin 

Arrow 

(714) 838-5422 

Kierulff 

(714) 731-5711 


COLORADO 
Aurora 


Arrow (303) 696-1111 


Englewood 


Anthem Electronics 


(303) 790-4500 
Hamilton/Avnet 
(303) 799-9998 
Kierulff 

(303) 790-4444 

Wheatridge 

Bell Industries 
(303) 424-1985 


CONNECTICUT 
Danbury 
Hamilton/Avnet 
(203) 797-2800 
Meriden 
Lionex Inc. 
(203) 237-2282 
Norwalk 


Pioneer Northeast 


(203) 853-1515 
Wallingford 

Arrow 

(203) 265-7741 

Kierulff 

(203) 265-1115 


FLORIDA 
Altamonte Springs 
Kierulff 
(305) 682-6923 
Pioneer 
(305) 834-9090 
Deerfield Beach 
Arrow 
(305) 429-8200 
Bell Industries 
(305) 421-1997 
Pioneer 
(305) 428-8877. 
Fort Lauderdale 
Hamilton/Avnet 
(305) 971-2900 
Kierulff 
(305) 486-4004 
Largo 
Bell Industries 
(813) 541-4434 


Arrow 

(305) 725-1480 
St. Petersburg 

Hamilton/Avnet 

(813) 576-3930 
Winter Park 

Hamilton/Avnet 

(305) 628-3888 


GEORGIA 
Norcross 

Arrow 
(404) 449-8252 
Bell Industries 
(404) 662-0923 
Hamilton/Avnet 
{404) 447-7500 
Kierulff 
(404) 447-5252 
Pioneer 
(404) 448-1711 


ILLINOIS 
Bensenville 
Hamilton/Avnet 
(312) 860-7780 
Elk Grove Village 
Anthem Electronics 
(312) 640-6066 
Bell Industries 
(312) 640-1910 
Pioneer 
(312) 437-9680 
Itasca 
Kierulff 
(312) 250-0500 
Schaumburg 
Arrow 
(312) 397-3440 
Urbana 
Bell industries 
(217) 328-1077 


INDIANA 

Carmel 
Hamilton/Avnet 
(317) 844-9333 

Fort Wayne 
Bell Industries 
(239) 423-3422 

Indianapolis 
Advent 
(317) 872-4910 
Arrow 
(317) 243-9353 
Bell Industries 
(317) 634-8202 
Pioneer 
(317) 849-7300 


IOWA 
Cedar Rapids 

Advent Electronics 
(319) 363-0221 
Arrow 
(319) 395-7230 
Bell industries 
(319) 395-0730 
Hamilton/Avnet 
(319) 362-4757 


KANSAS 

Lenexa 
Arrow 
(913) 541-9542 
Pioneer Standard 
(913) 492-0500 

Overland Park 
Hamilton/Avnet 
(913) 888-8900 


Columbia 
Arrow 
(301) 995-0003 
Hamilton/Avnet 
(301) 995-3500 
Lionex 
(301) 964-0040 
Gaithersburg 
Kierulff 
(301) 840-1155 
Pioneer 
(301) 921-0660 


MASSACHUSETTS 

Lexington 

Pioneer Northeast 

(617) 861-9200 
Norwood 

Gerber Electronics 

(617) 769-6000 
Peabody 

Hamilton/Avnet 

(617) 531-7430 
Wilmington 

Kierulff 

(617) 667-8331 

Lionex 

(617) 657-5170 
Woburn 

Arrow 

(617) 933-8130 


MICHIGAN 
Ann Arbor 
Arrow 
(313) 971-8220 
Bell 
(313) 971-9093 
Grand Rapids 
Arrow 
(616) 243-0912 
Hamilton/Avnet 
(616) 243-8805 
Pioneer Standard 
(616) 698-1800 
Livonia 
Hamilton/Avnet 
(313) 522-4700 
Pioneer/Michigan 
(313) 525-1800 
Wyoming 
R-M Michigan, Inc. 
(616) 534-9300 


MINNESOTA | 
Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Kierulff 
(612) 941-7500 
Pioneer Twin Cities 
(612) 935-5444 
Edina 
Arrow 
(612) 830-1800 
Minnetonka 
Hamilton/Avnet 
(612) 932-0600 


MISSOURI 

Earth City 
Hamilton/Avnet 
(314) 344-1200 

St. Louis 
Arrow 
(314) 567-6888 
Kierulff 
(314) 997-4956 
Time Electronics 
(314) 391-6444 





NATIONAL SEMICONDUCTOR CORPORATION 


AUTHORIZED DISTRIBUTORS (continued) 


NEW HAMPSHIRE 
Hudson 
Bell Industries 
(603) 882-1133 
Manchester 
Arrow 
(603) 668-6968 
Hamilton/Avnet 
(603) 624-9400 


NEW JERSEY 
Cherry Hill 
Hamilton/Avnet 
(609) 424-0100 
Fairfield 
Hamilton/Avnet 
(201) 575-3390 
Kierulff 
(201) 575-6750 
Lionex 
(201) 227-7960 


Nu Horizons Electronics | 


(201) 882-8300 . 
Marlton 

Arrow 

(609) 596-8000 
Mt. Laurel 

Kierulff 

(609) 235-1444 
Parsippany 

Arrow 

(201) 575-5300 
Pine Brook 

Pioneer 

(201) 575-3510 


NEW MEXICO 
Albuquerque 
Alliance Electronics 
(505) 292-3360 


Arrow 

(505) 243-4566 
Bell Industries 
(505) 292-2700 
Hamilton/Avnet . 
(505) 765-1500 


NEW YORK 

Amityville 

Nu Horizons 

(516) 226-6000 
Binghamton 

Pioneer Northeast 

(607) 722-9300 
Buffalo 

Summit Distributors 

(716) 887-2800 
Fairport 

Pioneer 

(716) 381-7070 
Hauppauge 

Arrow 

(516) 231-1000 

Hamilton/Avnet 

(516) 434-7413 

Lionex 

(516) 273-1660 
Port Washington 

Kierulff . 

(516) 621-6200 
Rochester 

Arrow 

(716) 427-0300 

Hamilton/Avnet 

(716) 475-9130 

Summit Electronics 

(716) 334-8110 
Syracuse 

Hamilton/Avnet 

(315) 437-2641 
Westbury 
Hamilton/Avnet 
(516) 997-6868 


Woodbury 
Pioneer 
(516) 921-8700 


NORTH CAROLINA 
Charlotte 
Pioneer . 
(704) 527-8188 
Raleigh . 
Arrow 
(919) 876-3132 
Hamilton/Avnet 
(919) 878-0810 
Kierulff 
(919) 872-8410 
Winston-Salem 
Arrow 
(919) 725-8711 


OHIO 
Beachwood 
Kierulff 
(216) 831-5222 
Centerville 
Arrow 
(513) 435-5563 
Cleveland 
Pioneer 
(216) 587-3600 
Dayton 
Bell Industries 
(513) 434-8231 
Hamilton/Avnet 
(513) 439-6700 
Kierulff 
(513) 439-0045 
Pioneer 
(513) 236-9800 
Highland Heights 
CAM/OHIO 
(216) 461-4700 
Solon 
Arrow 
(216) 248-3990 
Hamilton/Avnet 
(216) 831-3500 
Westerville 
Hamilton/Avnet 
(614) 882-7004 


OKLAHOMA 
Tulsa 

Arrow 
(918) 665-7700 
Hamilton-Avnet 
(918) 252-7297 
Kierulff 
(918) 252-7537 
Quality Components 
(918) 664-8812 
Radio Inc. 
(918) 587-9123 


OREGON 
Beaverton 
Almac-Stroum 
(503) 629-8090 
Anthem Electronics 
(503) 643-1114 
Kierulff 
(503) 645-6456 
Lake Oswego 
Bell Industries 
(503) 241-4115 
Hamilton/Avnet 
(503) 635-7850 
Tigard 
Arrow 
(503) 684-1690 


PENNSYLVANIA 
Horsham 
Lionex 
(215) 443-5150 


Pioneer Technology 

(215) 674-4000 
Monroeville 

Arrow 

(412) 856-7000 
Pittsburgh 

CAM/RPC 

(412) 782-3770 

Hamilton/Avnet 

(412) 281-4150 

Pioneer Pittsburgh 

(412) 782-2300 


TENNESSEE 
Nashville 
Bell Industries 
(615) 367-4400 


TEXAS 
Addison 


Quality Components _ 


(214) 733-4300 
Austin 

Arrow 

(512) 835-4180 

Hamilton/Avnet 

(512) 837-8911 

Kierulff 

(512) 835-2090 

Pioneer 

(512) 835-4000 

Quality Components 

(512) 835-0220 
Carrollton 

Arrow 

(214) 380-6464 
Dallas 

Pioneer Standard 

(214) 386-7300 
Garland 

Kierulff 

(214) 840-0110 
Houston 

Arrow 

(713) 530-4700 

Kierulff 

(713) 520-7030 

Pioneer Houston 

(713) 988-5555 
Ining 

Hamilton/Avnet 

(214) 550-7755 
Stafford 

Hamilton/Avnet 

(713) 240-7733 
Sugarland 

Quality Components 

(713) 240-2255 


UTAH 
Salt Lake City 

Anthem Electronics 
(801) 973-8555 
Arrow 
(801) 972-0404 
Bell Industries 
(801) 972-6969 
Hamilton/Avnet | 
(801) 972-4300 
Kierulff 
(801) 973-6913 


WASHINGTON 
Bellevue 
Almac-Stroum 
(206) 643-9992 
Arrow ‘ 
(206) 643-4800 
Hamilton/Avnet 
(206) 453-5844 
Kent 
Kierulff 
(206) 575-4420 


Redmond 
Anthem Electronics 
(206) 881-0850 


WISCONSIN 
Brookfield 
Arrow 
(414) 792-0150 
Mequon 
Taylor Electric Co. 
(414) 241-4321 . 
New Berlin 
Hamilton/Avnet 
(414) 784-4516 
Waukesha 
Bell Industries 
(414) 547-8879 
Kierulff 
(414) 784-8160 . 


CANADA ; 
WESTERN PROVINCES 

Burnaby 

Hamilton/Avnet 

(604) 437-6667 

Semad Electronics 

(604) 438-2515 
Calgary 

Hamilton/Avnet 

(403) 250-9380 

Semad Electronics 

(403) 252-5664 

Zentronics 

(403) 272-1021 
Edmonton 

Zentronics 

(403) 468-9306 
Richmond 

Zentronics 

(604) 273-5575 
Saskatoon 

Zentronics 

(306) 955-2207 
Winnipeg 

Zentronics 

(204) 694-1957 


EASTERN PROVINCES 
Brampton 
Zentronics 
(416) 451-9600 
Markham 
Semad 
(416) 475-8500 
Mississauga 
Hamilton/Avnet 
(416) 677-7432 
Nepean : 
Hamilton/Avnet 
(613) 226-1700 
Zentronics © 
(613) 226-8840 
Ottawa 
Semad Electronics 
(613) 727-8325 
Pointe Claire 
Semad Electronics 
(514) 694-0860 
St. Laurent 
Hamilton/Avnet 
(514) 335-1000 
Zentronics 
(514) 737-9700 
Waterloo 
Zentronics 
(800) 387-2329 
Willowdale 
Etectro Sonic 
(416) 494-1666 











SALES OFFICES 


ALABAMA 
Huntsville 
(205) 837-8960 
(205) 721-9367 


ARIZONA 
Tempe 
(602) 966-4563 


B.C. 
Burnaby 
(604) 435-8107 


CALIFORNIA 

Encino 

(818) 990-9800 
Inglewood 

(213) 645-4226 
Roseville 

(916) 786-5577 
San Diego 

(619) 587-0666 
Santa Clara 

(408) 562-5900 
Tustin 

(714) 259-8880 
Woodland Hills 

(818) 888-2602 


COLORADO 
Boulder 
(303) 440-3400 
Colorado Springs 
(303) 578-3319 
Englewood 
(303) 790-8090 


CONNECTICUT 
Fairfield 
(203) 371-0181 
Hamden 
(203) 288-1560 


FLORIDA 
Boca Raton 
(305) 997-8133 
Orlando 
(305) 629-1720 
St. Petersburg 
(813) 577-1380 


GEORGIA 
Atlanta 
(404) 396-4048 
Norcross 
(404) 441-2740 


ILLINOIS 
Schaumburg 
(312) 397-8777 


INDIANA 
Carmel 
(317) 843-7160 
Fort Wayne 
(219) 484-0722 


IOWA 
Cedar Rapids 
(319) 395-0090 


KANSAS 
Overland Park 
(913) 451-8374 


MARYLAND 
Hanover 
(301) 796-8900 


MASSACHUSETTS 
Burlington 
(617) 270-0160 
Waltham 
(617) 890-4000 


MICHIGAN 


W. Bloomfield 
(313) 855-0166 


MINNESOTA 
Bloomington 
(612) 835-3322 
(612) 854-8200 


NEW JERSEY 
Paramus 
(201) 599-0955 


NEW MEXICO 
Albuquerque 
(505) 884-5601 


NEW YORK 

Endicott 

(607) 757-0200 
Fairport 

(716) 425-1358 

(716) 223-7700 
Melville 

(516) 351-1000 
Wappinger Falls 

(914) 298-0680 


NORTH CAROLINA 
Cary 
(919) 481-4311 


OHIO 
Dayton 
(513) 435-6886 
Highland Heights 
(216) 442-1555 
(216) 461-0191 


ONTARIO 
Mississauga 
(416) 678-2920 
Nepean 
(404) 441-2740 
(613) 596-0411 
Woodbridge 
(416) 746-7120 


OREGON 
Portland 
(503) 639-5442 


PENNSYLVANIA 
Horsham 
(215) 675-6111 
Willow Grove 
(215) 657-2711 


PUERTO RICO 
Rio Piedias 
(809) 758-9211 
QUEBEC 
Dollard Des Ormeaux 
(514) 683-0683 
Lachine 
(514) 636-8525 


TEXAS 
Austin 
(512) 346-3990 
Houston 
(713) 771-3547 
Richardson 
(214) 234-3811 
UTAH : 
Salt Lake City 
(801) 322-4747 
WASHINGTON 
Bellevue 
(206) 453-9944 
WISCONSIN 
Milwaukee 
(414) 527-3800 
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INTERNATIONAL 
OFFICES 


Electronica NSC de Mexico SA 
Juventino Rosas No. 118-2 
Col Guadalupe Inn 

Mexico, 01020 D.F. Mexico 
Tel: 52-5-524-9402 

National Semicondutores 
Do Brasil Ltda. 

Av. Brig. Faria Lima, 1409 

6 Andor Salas 62/64 

01451 Sao Paulo, SP, Brasil 
Tel: (55/11) 212-5066 

Telex: 391-1131931 NSBR BR 


National Semiconductor GmbH 
Industriestrasse 10 

D-8080 Furstenfeldbruck 

West Germany 

Tel: 49-08141-103-0 

Telex: 527 649 


National Semiconductor (UK) Ltd. 
301 Harpur Centre 

Horne Lane . 

Bedford MK40 ITR 

United Kingdom 

Tel: (02 34) 27 00 27 

Telex: 826 209 


National Semiconductor Benelux 
Vorstlaan 100 

.B-1170 Brussels 

Belgium 

Tel: (02) 6725360 

Telex: 61007 
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SALES OFFICES ((@xoya ale l=e)) 


National Semiconductor (UK) Ltd. 


1, Bianco Lunos Alle 
DK-1868 Fredriksberg C 
Denmark 

Tel: (01) 213211 

Telex: 15179 


National Semiconductor 
Expansion 10000 

28, rue de la Redoute 
F-92260 Fontenay-aux-Roses 
France 

Tel: (01) 46 60 81 40 

Telex: 250956 


National Semiconductor S.p.A. 
Strada 7, Palazzo R/3 

20089 Rozzano 

Milanofiori 

Italy 


Tel: (02) 8242046/7/8/9 


National Semiconductor AB 
Box 2016 

Stensatravagen 13 

S-12702 Skarholmen 
Sweden 

Tel: (08) 970190 

Telex: 10731 


National Semiconductor 
Calle Agustin de Foxa, 27 
28036 Madrid 

Spain 

Tel: (01) 733-2958 

Telex: 46133 


2304P 


(408) 734-8570 
FAX NO. (408) 734-8875 


National Semiconductor 
Switzerland 

Alte Winterthurerstrasse 53 
Postfach 567 

Ch-8304 Wallisellen-Zurich 
Switzerland 

Tel: (01) 830-2727 

Telex: 59000 


National Semiconductor 
Kauppakartanonkatu 7 
SF-00930 Helsinki 
Finland 

Tel: (0) 33 80 33 

Telex: 126116 


National Semiconductor Japan 
Ltd. 

4-403 Ikebukuro, Toshima-ku 
Tokyo 171, Japan 

Tel: (03) 988-2131 

Fax: 011-81-3-988-1700 


National Semiconductor 
Hong Kong Ltd. 
Southeast Asia Marketing 
Austin Tower, 4th Floor 
22-26A Austin Avenue 
Tsimshatsui, Kowloon, H.K. 
Tel: 852 3-7243645 

Cable: NSSEAMKTG 
Telex: 52996 NSSEA HX 


RRD-RRD110M048/Printed in U.S.A. 


National Semiconductor 
(Australia) PTY, Ltd. 
Bldg. F, 4th Floor, 
MacQuarie Tech Centre 
11-17 Khartoum Rd. 
North Ryde; N.S.W. 2113 
Sydney, Australia 

Tel: 61-2-887-4455 

Telex: AA27173 


National Semiconductor (PTE), 
Ltd. 

200 Cantonment Road 13-01 
Southpoint 

Singapore 0208 

Tel: 2252226 

Telex: RS 33877 


National Semiconductor (Far East) 
Ltd. 

Taiwan Branch 

P.O. Box 68-332 Taipei 

7th Floor, Nan Shan Life Bidg. 

302 Min Chuan East Road, 

Taipei, Taiwan R.O.C. 

Tel: (86) 02-501-7227 

Telex: 22837 NSTW 


Cable: NSTW TAIPEI! 


National Semiconductor (Far East) 


_ Ltd. 


Korea Office 

Room 612, 

Korea Fed. of Small Bus. Bidg. 
16-2, Yoido-Dong, 
Youngdeungpo-Ku 

Seoul, Korea 

Tel: (02) 784-8051/3 — 785-0696-8 
Telex: K24942 NSRKLO 





